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EDITORIAL 








Prosperity and High Wages * 








aspects of this important problem. 





Every year through conferences with employees’ representatives Bethlehem makes a 
report to the employees on matters of joint interest just as it reports to the stockhold 
ers at annual meetings. The conferences this year discussed as a matter of vital con 
cern the necessity of maintaining the wage levels upon which American standards of 
living are based. This issue of the Bethlehem Review, therefore, is devoted to som 








portant task today than to protect the 

buying power represented by wages. In 
the last ten years a new order has been cre- 
ated in our economic life. It is recognized 
first, that high standards of living are based 
on the greater earning power of labor and 
second, that continued prosperity and high 
wages go hand in hand. 


——— industry faces no more im- 


Progressive industrial management seeks, 
therefore, to enable employees to earn wages 
as high as can be paid. Even when profits 
decline or business falls off efforts are made 
to economize in other ways than by cutting 
wages. But management alone is powerless 
to maintain high wages. They can be paid 
only so long as economic conditions will per- 
mit them to be paid. 


One of the chief factors affecting this abil- 
ity to pay them is foreign competition. With 
European wages far below American wages 
and consequently cests of production lower 
abroad, European manufacturers can com- 
} pete on equal terms with the products of 
higher paid American labor. 


This fact vitally concerns every American 
worker. Naturally we are all interested in 
European progress but economic improve- 


*Reprinted from the Bethlehem Review, a_ bulletin of 


news for the employees of the Bethlehem Steel Corporation 








ment abroad can be accomplished without 
sacrificing American wages and living condi- 
tions. Foreign standards can be raised 
without reducing ours. 

Responsibility in part fer protecting his 
wages rests upon the individual both as an 
employee and as a citizen. 

As a wage earner his responsibility is to 
help increase production and reduce costs so 
that his own company can meet competition, 
sell its products at a prefit and thus continue 
to pay the highest possible wage. Paying 
men on the basis of individual merit as dis- 
cussed in this Review is one way to increase 
wages and reduce costs. 


As a citizen the employee’s responsibility is 
to take an active, intelligent interest in com- 
pany and public affairs. We have reached a 
point in this country today where thousands 
of employees are also steckholders with both 
a payroll and company interest in continued 
prosperity. 

Certain it is, therefore, that as wage earn- 
ers, stockholders and citizens our outstand- 
ing interest is an economic one. If we are 
mindful of that fact and act accordingly we 
shall co-operate with each other to promote 
cur company’s prosperity and see to it that 
nothing is done to disturb American living 
standards which have taken us so many 
years of hard work to establish. 


President 
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Adjustable Speed Main Roll Drives 


By M. H. MORGAN, JR.* 
The first section of this article appears in the October issue. Jt is a digest of the essential 
information bearing upon the application and use of adjustable speed A.C. and D.C. main roll drives. 
For the executive or non-technical man there is provided in tabular form so that it is in 
stantly available and understandable the essential facts of performance, usual application and 
comparative cost for each of the practical types of alternating and direct current adjustable 
speed mill drives. For the engineer or operator there is in addition the necessary detailed de 
scription and explanation to make clear the operation of each and its most advantageous use. 
The general purpose and scope of the article is explained further in the “Introduction” in 
the October issue. The first installment covered direct current drives and the various methods 
of obtaining more than one speed from the standard induction motor without the use of aux 
iliary machines and stated the general principles of the Kramer, Scherbius and Frequency Con 
verter Sets. What follows is the detailed description of these sets and the Brush Shifting A.C. 
motor and the comparison of Alternating and Direct Current drives. 





KRAMER SET—CONSTANT H.P. TYPE from which point it is absorbed by the DC machine 
OR commercial reasons this is much the more and returned to the drive as mechanical load torque 
F commonly used type of Kramer set. It consists To start the drive the main motor is brought up 
simply of a standard wound rotor induction mo- to speed by the use of secondary resistance and then 
tor, a shunt or compound wound DC motor mounted with the drive running light and no excitation on 
on the same shaft or coupled 
to it, and a standard rotary AC. Power 


converter through which the 
slip rings of the induction 
motor are connected to the 

















DC machine. M2 
Fig. 9 shows a schematic DISCONNECTING = ( 
diagram of connections oft SwitcHes cT ~ — lo METERS 2 Oo. ” FRELAYS 


such a set. Standard syn- 
chronous converters are 


built for 6 phase operation 
because this gives a_ better [=] 

distribution of heating in FORWARD uy , REVERSE ExciTATION 
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*Engineering Dept. Edgar — _ _— owiren 
Thomson Works, Carnegie Steel 
Company, Braddock, Pa. FIG. 9—Schematic Diagram Kramer Set Constant HP. Type. 
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the DC motor but full field on the converter the slip 
rings of the main motor are connected to those of 
the converter through the transfer switches. The 
converter will then start up and idle along at a 
speed corresponding to the slip frequency of the 
main motor secondary, and since this slip will then 
be only about 1%, its speed will be quite low. 

To set the speed at a desired lower value excita- 
tion is gradually supplied to the field of the DC ma- 
chine in a pre-determined direction so that its emf 
acting through the converter “bucks” that of the 
main motor secondary and the drive continues to 
slow down as long as this excitation is being in- 
creased, the converter meanwhile increasing in speed 
as the slip frequency of the main motor increases. 
The speed is stable for a given setting of the DC 
machine field rheostat, and if the DC motor be shunt 
wound the change of speed with load is only slightly 
larger, due to the added resistance of the rotary and 
DC machine windings, than that of the main motor 
operating alone. 

When it is desirable to give the drive a decidedly 
drooping speed characteristic as is necessary if a 
flywheel is used, the DC motor is compound wound. 
Then the effect of the series turns on the field of the 
DC machine and the speed of the drive, when the 
load rises, is the same as if the shunt field current 
had been increased with the rheostat so that the 
speed falls off considerably with load. 


Current Voltage Frequency Conditions in 
Secondary Circuit 

Fig. 10 shows the conditions of operation of the 
auxiliaries for a Kramer set of this type over the 
various parts of its speed range. The particular set 
chosen for the illustration has a rating of 1000 HP 
and a synchronous speed of 600 RPM and permits 
a 25% speed reduction to 450 RPM. According to 
the statements already made its auxiliary machines 
must handle a maximum of 25% of the 1000 HP 
rating or 250 HP. These curves are also extended 
to show the same quantities when the speed of the 
drive is increased 25% above synchronysm to 750 
RPM. These figures are theoretical only and meters 
in the various circuits would read a few per cent 
different from them because of losses in various 
machines. 

Curves A, B, and D show the HP, torque and 
voltage respectively of the DC machine. It will be 
noted that these vary directly with the speed reduc- 
tion and that the HP delivered at the minimum speed 
150 RPM is the limiting condition for the DC ma- 
chine and will determine its physical size and ap- 
proximately its cost. 

Curve C shows the frequency on the converter 
slip rings, which being the slip frequency of the 
main motor varies directly with the speed reduction 
and of course the speed of the converter varies di- 
rectly with this frequency. The AC to DC voltage 
ratio of the converter is constant, being fixed by its 
design, and the AC voltage delivered to it is fixed for 
a given speed reduction by the design of the main 
motor secondary and varies directly with the speed 
reduction. Thus the DC voltage is fixed in value by 
the design of these two machines and varies directly 
with the speed reduction. 


Summing up then, we may say that (1), for a 
given load output, the frequency, voltage, and power 


applied to the converter, its speed, and the voltage 
and power applied to the D.C. machine (since the 
converter handles its entire output) all increase di- 
rectly with the per cent variation from synchronous 
speed in either direction, but that (2), the current 
in the entire secondary circuit composed of the main 
motor secondary, the converter, and the D.C. ma- 
chine changes only with the load torque regardless 
of the speed at which it is delivered. 


Converter Rating Required 

The synchronous converter used in this case was 
a standard 500 KW, 25 cycle, 6 phase, 600 volt DC 
machine, having a current capacity of about 840 am- 
peres D.C. The 250 HP which it is required to han- 
dle here at a voltage of about 250 DC amounts to 
about 188 KW and 740 amperes and it is then operat- 
ing on 15 cycles and therefore running at 60% rated 
speed. The current capacity of the machine is thus 
ample for this duty and the DC voltage per cycle 
(250/15=16-2/3) is both below that of the machine 
rating (600/25=24) and yet not too far below it for 
the converter to have a good pull-in torque. 

As both the duty required of the converter and 
its capacity vary directly with the frequency applied 
to it within the limits of its rating a converter which 
is adequate for a set having a maximum reduction 
of 25% below synchronism will also be adequate for 
the same set over a somewhat greater range and 
vice versa, the same converter will be required even 
though the set has a much smaller speed range. 

It should be noted that the 60 cycle power supply 
favors a more economical use of the converter than 
a 25 cycle supply would. The slip frequency for a 
given speed reduction largely determines the per 
cent of normal rating at which the converter may be 
used, and the closer to normal the machine operates 
at maximum load, the closer to normal may be its 
rating. Since the standard converter is a 25 cycle 
machine the higher frequency power supply results 
in a slip frequency closer to this value than a 25 
cycle system. Thus while the frequency at the maxi- 
mum speed reduction in this case was 25% of the 
line frequency or 15 cycles, it would have been only 
6% cycles had the power supply been 25 cycles. 
This would have required a much larger and more 
expensive converter than was actually used. 


Operation Near Synchronism 

Kramer sets of either type will not carry full 
rated load while the speed is within a few per cent 
of synchronism, either above or below. ‘This is due 
to the fact that the frequency of the AC power ap- 
plied to the rotary is then very low and is in fact 
theoretically zero at synchronism and consequently 
the machine falls out of step quite easily. Thus if 
the drive be operated on a 60 cycle power source 
and be set for a speed 3% below synchronous at 
light load the frequency on the rotary would be 1.8 
cycles. If now full load be suddenly applied, the 
motor slip will be increased to about 6% and the 
frequency on the rotary to 3.6 cycles. To remain 
in step now the converter must instantaneously 
double its speed, and being unable to do this it 
drops out and shuts down the drive. 


Operation Above Synchronism 


Due to this condition it has not been the prac- 
tice of the manufacturers to sell Kramer sets for 
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operation above synchronysm but when after their 
installation it has become necessary or desirable to 
do so they have co-operated with the purchaser in 
making the necessary small changes in control to do 
this. Several such sets are now being worked above 
synchronous speed to allow economical production 
of sections not contemplated when the drive was 
installed. 

When the drive is to be operated above synchro- 
nism the main motor is started as before and its 
secondary transferred to the converter. Then with 
friction load only on the drive excitation is slowly 
applied to the DC machines but in a direction op- 
posite to that required to reduce the speed. The 
converter has been running slowly in the direction 
which it ran before and it now slows down and re- 
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FIG. 11—Power Factor and Efficiency of Constant 
HP. Type Kramer Set and of Main Motor Only. 
Rating—1000 HP. 600/450 RPM. 


verses while the drive accelerates above synchro- 
nism as more and more excitation is applied to the 
IXC machine. The speed will be constant and the 
machines stable for a given full field setting on the 
DC machine as before. The current in the DC cir- 
cuit formed by the converter and the DC machine 
does not reverse although the voltage of this circuit 
does, and the DC machine which formerly operated 
as a motor now becomes a generator. 

When taken through synchronism in this man- 
ner the set will usually carry about 10% normal load 
which will in most cases be sufficient to carry the 
mill and motor friction but does prevent taking a 
drive having a flywheel above synchronism. 


Fig. 11 shows typical efficiency and power factor 
curves for a Kramer set and the same quantities for 
the main motor alone. The losses of the auxiliaries 
necessarily makes the overall efficiency of the set 
less by several per cent than that of the main motor 


alone. The field of the rotary converter is con- 


stantly excited to a value which gives that machine 
a slightly leading power factor, and the effect is to 
better the power factor of the set, but since the 
amount of this correction effect is limited the final 





result is dependent upon the inherent power factor 
of the main motor. 
Speed Range 

As indicated in the foregoing the limit on the 
allowable variation from synchronous speed is the 
capacity of the auxiliaries, which must be larger and 
therefore more expensive for a greater speed range. 
Thus if the set is to allow 50% speed variation the 
DC machine must be capable of delivering ™% of 
the main motor full load rating at % its speed, which 
is equivalent to the full HP rating at full speed and 
means that this DC machine will be quite as large 
and probably more expensive than the main motor. 

Most Kramer sets provide a maximum speed re- 
duction of 25 to 35%, but some are used with’ which 
this is extended to a maximum of 50%. 








# P Te pec a “> | 





FIG. G—3000 HP Kramer Set Providing 40% speed 
reduction. Note that DC. Auxiliary machine is as 
large as main induction motor. 


KRAMER SETS—CONSTANT TORQUE TYPE 

The principal difference between this and _ the 
constant HP type of drive already described is in 
the use of the DC machine. Fig. 12 shows the main 
connections of the constant torque type and_indi- 
cates that while the electrical connection of the DC 
machine to the main motor secondary through a 
synchronous converter is unchanged there is no 
longer any mechanical connection between them. 

The DC machine is direct connected to an AC 
synchronous or induction machine whose primary 
windings are connected to the power lines so that 
the difference between the electrical input to the 
main motor from the power line and the mechaniea! 
load torque which it delivers may be returned to the 
line for speeds below synchronism or supplied from 
it for speeds above synchronism. 

The capacity required of auxiliaries at a given 

, Slip ;, 
speed is approximately—Load HP x — — using 
1 + Slip 


the plus sign for speeds above synchronism and the 
minus sign for speeds below. Thus for a set rated 
250/1000/750 HP, 750/600/450 RPM the auxiliaries 
‘ . 0.25 
would handle at 750 RPM 1250 x saasiadicnes 250 
(1 + 0.25) 
0.25 
HP and at 450 RPM 750 x ————— 250 HP. 
(1 — 0.25) 
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These are the maxima and determine the capacity 
-equired, but of course the duty will be less at in- 
‘ermediate speeds for the same loads. The frequency 
and voltage on the converter as well as the voltage 
on the D. C. machine vary directly with the per- 
centage variation from synchronous speed while the 
current in the entire secondary circuit varies only 
with the load and is independent of the main motor 
and its speed as well as that of the induction or 
synchronous machine connected to it may be chosen 
to give the most economical design. 


The starting and operation of the set is prac- 
tically the same as that of the constant HP type. It 
has the same inability to carry more than about 10% 
load at speeds within a few per cent of synchronism, 
and the same ability to operate above synchronous 
speed once it is taken through this zone. It includes 
the same power factor corrective effect and is like- 
wise made up of standard apparatus. This type of 
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FIG. 12—Schematic 
Type Kramer Set. 


Diagram of Constant Torque 


Kramer set has an inherent cost disadvantage arising 
from the fact that it includes one more machine 
than the constant HP type which prevents it being 
used to any considerable extent. The additional ma- 
chine is the AC synchronous or induction generator 
direct connected to the DC motor and it adds ma 
terially to the cost of the drive and also reduces its 
efficiency to some extent since the power handled 
by the auxiliaries now passes through 3 such ma- 
chines instead of 2. Accordingly where constant 
torque only is required a Kramer set of the constant 
HP type is often used and given a constant torque 
rating. This results in no hardship to the purchaser 
other than a small loss in efficiency when operating 
near minimum speed and the additional capacity 
available there sometimes proves useful. 








Provision for Future Conversion of Induction Motor 
Drive to Kramer Set 


Sometimes it is known at the time a single speed 
induction motor drive is installed that future changes 
to the mill or its product will necessitate the conver- 
sion of the drive into an adjustable speed set. Then 
it becomes important to know what provision should 
be made in the original drive to facilitate the change. 

Necessary provisions for the addition of Kramer 
equipment are a shaft extension for coupling the DC 
machine to the main motor and space for its loca 
tion. This is necessary if the drive is to be constant 
HP rated and desirable even if it is to be rated con- 














FIG. H—Typical Constant HP. Type Kramer set 
rated 1000/750 HP. and providing 25% speed re- 
duction. Note that DC. Auxiliary Machine is 
much smaller than main induction motor. 


stant torque, for often a constant HP type Kramer 
set will be offered and be more economical for a 
constant torque application. Desirable though not 
absolutely necessary provisions are the bringing out 
of both ends of all three phases of the secondary 
winding to six slip rings and the choice of the sec 
ondary current and voltage such that the open cir 
cuit voltage across one phase (between slip rings 











FIG. I—High Speed Mill Type Induction Motor. 
Note that each end of each phase of secondary is 
brought out to slip rings and shaft is extended for 
future conversion to adjustable speed set. 


Nos. 1 and 4) when the motor is stalled (known as 
the “locked” secondary voltage) is close to either 
1050 or 440 for a 60 cycle drive and close to 420 or 
176 for a 25 cycle drive. 
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Both of these latter provisions tend to give the 
maximum economy in synchronous converter size. 
The first does so because a given converter has a 
greater load capacity for 6 phase operation than for 
3 phase operation and the standard converter 1s 
therefore built for 6 phase service. The second 
makes the full speed, full load DC voltage of the 
converter about the same as that of the standard 
250 or 600 volt 25 cycle machines and permits using 
a machine rated at say 500 KW in a set when the 
required capacity of the converter for that set is 
500 KW. A departure from this value will reduce 
the permissible rating to some extent. The operat- 
ine characteristics of the converter also are some- 
what better when this condition is fulfilled than 
otherwise. 


SUMMARY OF CHARACTERISTICS— 
KRAMER SETS 

This summary of characteristics of Kramer sets 
is intended to include all features of construction and 
performance which are pertinent to their operation 
and most advantageous use, and necessarily includes 
both advantages and disadvantages as well as those 
qualities which may be of value in one application 
and a detriment in another. 


Best Adapted to 60 Cycle High Speed Service 

On 60 cycle systems the converter will be smaller 
and less expensive for a given size drive than on 25 
cycle systems. Similarly the D.C. machine of a 
constant HP set will be increased in size and cost 
if the speed of the drive is lowered because this 
machine must run at the same speed as the main 
motor. 


Best Adapted to Constant HP Drives 

The constant HP type of Kramer set includes 
three rotating machines while the constant torque 
type requires 4, so that its cost is thereby increased 
and efficiency slightly decreased. The constant HP 
type is usually supplied for constant torque drives 
on this account, and while its operation is satisfac- 
tory it will have a cost disadvantage. 


Best Adapted to Small Speed Range 

The set is guaranteed for single range operation 
only and as a rule the practical limit is a reduction 
of 25 to 35% from synchronous speed although this 
may reach 50%, 

Cannot Carry Full Load Close to Synchronism 

Due to the resulting low speed of the converter 
the set will not carry its full load within a few per 
cent of synchronism, either above or below. How- 
ever the main motor may be cut loose from the aux- 
iliaries and operated non-regulating at its standard 
speed slightly below synchronous. 


Made Up of Standard Machines 

This is the outstanding feature of the Kramer 
set. The main induction motor, the rotary converter 
and the direct current machine are each the same 
machines as would be supplied for a single speed 
mill drive, mill converting service, or a D.C. mill 
drive, respectively, with two exceptions. One is the 
bringing out of both ends of each phase of the main 
motor secondary winding to six slip rings for greater 
economy in converter size and the other is the oc- 
casional use of non-magnetic spacers in the commu- 


tating poles of the converter when it is known that 
high peak loads will be encountered. This makes 
the inspection and repair of the drive easier for the 
average operator who is relatively familiar with the 
machines separately used. 


FREQUENCY CONVERTER SETS 


The frequency converter type of A.C. adjustable 
speed drive is sold, guaranteed, and operated for 
speed ranges extending both above and below that 
of the main motor alone. It will carry full load and 
be stable in operation over any part of the range, 
including speeds close to synchronism and while 
relatively less of these sets have been sold than of 
the older and better known types yet its use is in- 


DC Line 





FIG. 13—Schematic Diagram Constant HP. Type Fre- 
quency Converter Set. 


cycle 


creasing. It is limited almost entirely to 25 
60 cycle 


systems although some sets are in use on 
systems. 
CONSTANT HORSEPOWER TYPE 

The drive consists essentially of machines per- 
forming the same functions as those of a Kramer 
constant HP drive. Thus it has for a main motor 
a standard wound rotor induction machine and 
mechanically connected to it a second machine which 
serves as a motor for speeds below synchronism 
and as a generator for speeds above, while a_ third 
machine serves to convert the energy of the main 
motor secondary. There is in addition a small driv- 
ing motor which supplies the losses of the convert- 
ing machine. 

Fig. 13 shows the main connections of the ma- 
chines composing this drive. The main motor is a 
standard wound rotor machine except for the shaft 
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extension for coupling to the auxiliary machine. The 
auxiliary machine is a standard synchronous motor 
wound for the same number of poles as the main 
motor. ‘The frequency converter is a special machine 
whose function it is to convert the frequency of the 
synchronous machine to that of the main motor sec- 
ondary for all speeds without affecting voltage. Then 
with the connections shown, a change in the setting of 
the field rheostat of the synchronous machine will 
change its terminal voltage which, being impressed 
upon the main motor secondary, will buck or boost 
its generated voltage and vary its speed above or below 
synchronysm, depending upon the polarity of the ex- 
citation of the synchronous machine. As the converter 
has no torque of itself and is required to run at a 
synchronous speed corresponding to the line frequency 
and its own pole number, a small synchronous motor 
having the same number of poles is used to drive it. 

















FIG. J—Frequency Converter Set. Note the synchron- 
ous auxiliary machine. 


A given frequency converter will have a greater capac 
ity when operated 6 phase than 3 phase, so usually for 
reasons of economy both ends of each phase of the 
secondary winding of the main motor and the arma 
ture windings of the synchronous machine and_ the 
converter are brought out so that the connections be- 
tween them may be made for 6 phase operation, in 
stead of the 3 phase connections shown. 

The converter has a rotating armature which is 
substantially the same as that of the standard syn 
chronous converter as is shown in the accompanying 
photograph. 

The stator has no main pole windings and furnishes 
its own excitation but has compensating windings as 
do many D.C. machines for the improvement of com 
mutation and the necessary magnet iron to confine the 
field flux to the proper path. 


Principle of the Frequency Converter 

The function of this machine is the conversion of 
the frequency applied to its slip rings to a different 
frequency at the commutator without affecting voltage. 
The manner in which it accomplishes this is best shown 
by comparing its operation to that of a synchronous 
converter. When a voltage at a given frequency is 
applied to the slip rings a magnetic field is set up 
which rotates about the armature at a speed correspond 








ing to the line frequency and the machine pole num 
ber (thus 750 RPM for a 25 cycle source and 4 pole 
machine) just as the rotating primary field of an 


induction motor is set up by the primary 
If now the rotor of this converter be driven 


ordinary 
winding. 
by some outside agency but in a direction opposite to 


that of the field then the field will be stationary in 

















FIG. K—Complete Stator of Frequency Converter. 
Later types have interpoles, but no main field 
windings. 


space and will be the equivalent of that in a synchron 
ous converter set up by its D.C. excitation, the voltage 
appearing at the commutator will then be D.C. and the 
operation that of a synchronous converter. But if the 
machine be driven at 600 RPM which corresponds to 
a frequency of rotation of 20 cycles in the same di 
rection as before the field set up by the armature con 

















FIG. L—Armature of Frequency Converter. Note 
similarity to that of a synchronous converter. 


ductors will rotate forward in the stator at 150 RPM 
which corresponds to a frequency of 5 cycles and the 
voltage appearing at the commutator will have this 
frequency of 5 cycles and will have the same value as 


that applied to the slip rings. Similarly if the fre 


quency of rotation of the armature be 30 cycles (900 


RPM) the voltage on the field will rotate backward 
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with a frequency of 5 cycle and the voltage on the 
commutator will have this same frequency but its 
relative direction will be reversed. Thus it is seen 
that the frequency on the commutator of this machine 
is the difference between that applied to its slip rings 
and that of its rotation. 


Application of the Converter to this Drive 

When the frequency converter described above is 
used as shown in Fig. 13 with its commutator con- 
nected to the induction motor secondary and its slip 
rings to the armature of the synchronous machine while 
it is driven mechanically by a small motor at a syn- 
chronous speed corresponding to line frequency and 
its pole number (for example 750 RPM for a 4 pole 
converter and a 25 cycle power system) it will for all 
speeds of the drive above or below synchronism con- 
vert the energy of the synchronous machine at its 
armature frequency to energy at the same frequency 
as that in the secondary of the main motor or con- 
vert that of the main motor secondary to the same 
frequency as that of the synchronous machine for an 
opposite flow of power. Fig. 14 shows the “why” of 
this operation. Let the line frequency “F” which is 
equal to the frequency of rotation “B” of the con- 


BeELow SyncHRONISM 


C*F-F(I-S)=FS A-FCi-S) 





B=F =Line FREQuENCY 





Aspove SYNCHRONISM 
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FIG. 14—Frequency Chart for Frequency Converter. 


Let F= Line Frequency. 
S= Slip of Main Motor Expressed as a Fraction. 


\ Frequency of Synchronous Machine. 
Line Frequency—Slip Frequency. 

8 = Frequency of Rotation of Converter. 
Line Frequency. 

c Frequency at Commutator of Converter. 


\-B. 


verter be represented by the length of the line so 


marked. If “s’” be the slip of the main motor ex- 


pressed as a fraction when the drive is running at any 
given speed below synchronism then the frequency 
in the main motor secondary will be (FxS) cycles. 
Since the synchronous machine is wound for the same 
pole number as the main motor its speed will now be 
the fraction (1-S) of synchronous speed and its fre- 
quency I (1-S) cycles which is impressed on the con- 


verter slip rings. The direction of rotation of the 
converter being properly chosen and its frequency of 
rotation B-F cycles, then the frequency which appears 
at its commutator is the difference between that ap- 
plied to its slip rings F (1-S) cycles and F cycles which 
is [F-F (1-S)] = F-F + FS = FS cycles which is the 
same as that in the induction motor. 

Similarly if the drive be running at a slip S above 
synchronism the power delivered by the synchronous 
machine to the converter slip rings will be at a fre- 
quency F (1+8) cycles and the frequency and direc- 
tion of rotating B-F cycles of the converter being un- 
changed that appearing at its commutator will be the 
difference between the two [F-F (1+S)] = F-F-FS 
= -FS cycles. The minus sign indicates that this fre- 
quency has an opposite direction of rotation and it 
will be remembered that when the main motor is oper- 
ating above synchronism its slip frequency is reversed 
because its secondary conductors are now rotating 
faster than the revolving field set up by the primary 
winding and cutting this field in an opposite direction. 
Thus the converter is seen to supply at its commutator 
the same frequency as that in the main motor sec- 
ondary at alk speeds. 


Voltage Relations in Secondary Circuit— 
How Speed is Controlled 

The voltage relations in the circuit composed of 
the main motor secondary, the frequency converter and 
the synchronous machine are as shown in Fig. 7 the 
voltage chart for both Kramer, Frequency Converter 
and Scherbius sets. Ii excitation be supplied the syn- 
chronous machine when the set is running light just 
below synchronism it will generate a voltage E, which 
is applied unchanged in value but at the proper fre- 
quency to the secondary of the main motor. This 
voltage is in a direction pre-determined to “buck” the 
generated secondary voltage E,, and the set slows 
down until a balance is reached where the difference 
between generated and impressed voltage is just suffi 
cient to circulate the required load current. If the 
excitation be applied in the opposite direction the set 
will accelerate and go above synchronism and its speed 
for any given value of excitation will be stable and 
its change of speed with load only slightly greater 
than that of the main motor alone. 

As described in the general statements relating to 
the flow of power between machines forming an AC 
adjustable speed set, the constant HP set provides an 
auxiliary machine mechanically connected to the main 
motor which acts as a motor when the drive is oper- 
ating below synchronism and as generator when it is 
above. In this case it is the synchronous motor 
mounted on the main motor extended shaft and_ for 
speeds below synchronism it absorbs the electrical slip 
energy fed to it from the secondary of the main motor 
through the converter and delivers it as mechanical 
load torque while at speeds higher than main motor 
synchronous it absorbs a part of the load torque of 
the main motor and returns it as electrical energy 
through the converter to the main motor secondary. 
In either case the main motor is taking full rated elec- 
trical power from the lines and delivering rated load 
torque while full rated current circulates in its sec- 
ondary windings. It is only the voltage and frequency 
of this secondary circuit that changes. 
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Set Operates Double Range—Rating of Auxiliaries 

Since the losses of rotation of the converter are 
supplied direct from the power line and it is driven 
mechanically by a separate small motor there 1s no 
interruption to its ability to convert when the speed 
of the drive approaches synchronism. Therefore this 
set will carry its full rated load over any part of its 
speed range and will accelerate through synchronism 
with that load. 

As in the case of the Kramer set the rating of the 
auxiliaries is determined by the amount of departure 
from synchronous speed. A 25% speed reduction or 
increase requires that the auxiliaries handle 25% of 
the HP rating of the set. A 10% reduction or in 
crease will mean that the rating of the auxiliaries will 
be 10% of that of the set and a like proportion in 
other cases. 

The possibility of double range operation consider 
ably decreases the rating, size and, as a rule, the cost 
of the auxiliaries required for a given speed range 
from what they would be for the same set operated 
single range. Consider the case of a drive delivering 
1000 HP over a speed range of 500 to 250 RPM. A 
single range set would have 500 HP auxiliaries and a 
500 RPM main motor while a double range set would 
have 250 HP auxiliaries and a 375 RPM main motor. 
The speed of the main motor is lower for the double 
range set and therefore this motor is larger physically 
and presumably more expensive but its auxiliaries are 
only half the size of those for the single range set 
and since these comprise two machines of special con 
struction the saving here more than over balances the 
increase in main motor size. 


Power Factor Correction—Efficiency 

To improve the normal power factor of the main 
motor it is necessary to advance slightly the phase 
angle of the power supplied its secondary from the 
auxiliaries. This may be accomplished by shifting the 
brush position on the converter or by a mechanical 
shift of the poles on the small motor driving the con- 
verter. Shifting the brush position is a matter in 
volving commutation and therefore this setting cannot 
be left to the operator to adjust while if it is fixed 
once for all the amount of power factor correction 
obtained is also fixed. 

In order to allow adjustment of the degree ot cor 
rection obtained an electrical equivalent of the second 
method is used. ‘This consists of using a distributed 
field winding on the small driving motor, which is 
split into two sections, each fed through a separate 
rheostat. These rheostats are mechanically connected 
and their resistance proportioned by test so that the 
total excitation remains constant while the current in 
one winding is decreased and that in the other simul 
taneously increased. ‘The placing of the coils forming 
each winding is such that the axis of the consequent 
poles of the one is displaced slightly from that of the 
other and the movement of these rheostats then re 
sults in a shift in the pole position of this machine 
and a change in the amount of power factor correc 
tion the converter affords. 

The necessity for correcting power factor involves 
an increase in the capacity of the converter while the 
amount of correction required is determined by the 
inherent power factor of the main induction motor. 





It is the usual practice to build into the converter 
sufficient capacity to permit keeping the overall power 
factor of the set at 90-95% or better for all loads 


The overall efficiencs of the set is from 3 to 5% 
lower than that of the main motor alone at the maxi 
mum speed reductions because of the losses in the 
auxiliary machines, although the frequency 
drive shares the comparative advantage in efficiency 


converter 


of a double range system over a single range type as 
a result of the fact that its auxiliaries and the amount 
of power they handle are smaller for a given speed 
range. Fig. 15 shows typical power factor and effi 
ciency curves for a frequency converter set, compared 


to that of the main motor alone 


Permissible Speed Range 


The use of these sets is practically confined to 25 
cycles and to relatively small speed ranges there, al 
though some are in entirely satisfactory operation on 
60 cycle systems. The limit on the speed range is a 
commercial one and is determined by the physical size 
which the converter must 
mutation at the maximum frequency on its commutator 


have to give good com 


Commutation is easier on a slow speed machine’ but 
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FIG. 15—Power Factor and Efficiency of Frequency 
Converter Set Constant HP. Type. 
Rating—800 HP. 220—187—150 RPM. 

for the same rating a slow speed machine is large 
and more expensive and has more poles and brush 
arms which also add to the cost. Also a 60 cycle 
machine for the same speed would have 2.4 times as 
many poles and sets of brushes as if it were to work 
on a 25 cycle system. These considerations combined 
with the fact that the practical limit of frequency on 
an AC commutator is in the neighborhood of 18-20 
cycles and that the difficulties encountered increase 
directly with this frequency make the 60 cycle fre 
quency converter set practically non-competitive and 
limit its range on 25 cycles to a variation of maximum 
to minimum speed of 1.67 to 1. 
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FREQUENCY CONVERTER SET—CONSTANT 


TORQUE TYPE 

While there are several possible arrangements of 
equipment to make up a constant torque drive of this 
type, the one generally used is shown in Fig. 16. Here 
the converter is mounted direct on the extended shaft 
of the main motor and it, along with its transformer 
constitutes the only auxiliaries. 

The converter proper is the same machine as is 
used for the constant HP type; its functions are essen 
tially the same and it may be shown that if the con- 
verter has the same number of poles as the main 
motor it will properly convert the line frequency ap- 
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FIG. 16—Schematic Diagram Constant HP. Type Fre- 
quency Converter Set. 


plied to its slip rings to the slip frequency of its main 
motor at all speeds. ‘Thus for a line frequency F and 
a slip S on the main motor expressed as a fraction of 
line frequency the speed of the converter corresponds 
to a frequency IF (1-S) while the frequency applied 
to its slip rings is always I. If the phase rotation of 
the connections to its slip rings be properly chosen the 
frequency of rotation will subtract from the applied 
frequency and that appearing at the commutator will 
be [I-F (1-S)] which is FS the slip ring frequency 
of the main motor. When the drive goes above syn 
chronous speed the frequency of rotation of the con- 
verter becomes [IX (1+S)]| and the difference between 
this and line frequency I is now [F-F (1+S)] which 
is (-FS) indicating an opposite direction of rotation 
of the power on the converter commutator, which 1s 
again correct for connection to the main motor slip 
rings. 


How Speed is Controlled 

In common with other systems using dynamic con- 
trol this set require an external EMF which _ being 
modified to the characteristics of the induction motor 
secondary is applied to this circuit in a direction to 
either Oppose or assist its generated voltage and so 
control the main motor speed. Here the transformer 
supplies this external voltage direct from the line and 
taps on the secondary winding permit controlling it 
and the speed of the drive in several steps. A _ knife 
switch also allows for the reversal of the voltage when 
it is desired to run above synchronous. 


Power Factor Correction—Efficiency 

Power factor correction is obtained by the use of 
auxiliary windings on the transformer so_ intercon- 
nected with the main windings that the voltage across 
a phase of the converter is made up of two com- 
ponents, one of which is in phase with the correspond- 
ing phase of the line and one 60 degrees ahead of that 
phase. The effect of this arrangement is to advance 
the phase angle of the current in the entire secondary 
circuit and thus improve the power factor of the main 
motor. This method allows of no control of the amount 
of correction applied, but as a rule will allow the 
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FIG. 17—Power Factor and Efficiency of Typical Fre- 
quency Converter Set. Constant Torque Type 
Rated 1760/1600/1440 HP.—550/500/450 RPM. 


maintenance of an overall power factor for the set of 
90% at any load and speed. 

Since there are but two auxiliaries in this set, only 
one of which rotates and since the set operates double 
range and therefore these auxiliaries handle only half 
the amount of power those of a single range set would 
their losses might be expected to be small and the 
overall efficiency of the set high. This is indeed the 
case although it is lower than that of the main motor 
alone. 

lig. 17 shows the overall efficiency and power 
factor of such a set and the same quantities for the 
main motor alone, for comparison. 


Rating of Auxiliaries—Set is Double Range 

The rating of the auxiliaries is determined by the 
amount of speed reduction as is the general rule for 
dynamic controlled sets. 

The capacity required of auxiliaries at a given speed 
is then approximately Load Horsepower x Slip 


(1+ Slip) 
using the plus sign for speeds above synchronism and 
the minus sign for speeds below. ‘Thus for a 1000 
HP drive having a constant torque rating of 1200/ 
1000/800 HP at 720/600/580 RPM the power which 
the auxiliaries must handle is at the top speed approxi- 
mately 1200 x 0.20 = 200 HP and at the bottom speed 


(1 + 0.20) 
800 x 0.20 200 HP. The rating required for the 
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same delivered load at intermediate speeds will be less 
in proportion as the speed reduction from synechron- 
ism is less so the auxiliaries used must have this 
maximum rating of 200 HP and will then be ade- 
quate for all other speeds within these extremes. 
Since the converter is mechanically driven at all 
speeds and fed from the power line there is no inter 
ruption to its converting ability at synchronous speed 
and the set will deliver its full rated load at and near 
synchronysm and accelerate this load to higher speeds. 
The number of taps provided on the transformer limits 
the speed points available, of course, but these points 
may be located as desired within the range of the set. 


Modifications of Constant Torque Sets 

One modification of the arrangement already de- 
scribed is the simple substitution of an induction volt- 
age regulator for the transformer feeding the slip 
rings of the converter. This makes available any de 
sired voltage and consequently any speed within the 
specified range, but does not permit obtaining power 
factor correction in the same way. ‘The correction 
affect is then obtained by shifting of brush arms on 
the converter commutator. 

This voltage regulator which is not a regulator 
at all in this case, but simply a special kind of trans- 
former arranged to allow shifting of the secondary 
winding with respect to the primary and thus con- 
trol of the secondary voltage, is considerably more 
expensive than the plain transformer. The cost of a 
set so equipped is therefore somewhat greater and 
the only advantage is an increased number of speed 
points. 

Another possible modification is the substitution 
of a motor generator set composed of two synchro- 
nous machines for the transformer. In this case one 
of these machines has a distributed field winding 
just as described for the small motor driving the 
converter of the constant HP type set and by ma 
nipulation of the rheostats in this field circuit the 
power factor of the set is controlled by varying the 
field of the other machine. 

Such a set would include two more rotating ma- 
chines than the original type and their cost and 
losses would make the set less economical to buy or 
operate. For this reason this modification has not 
been used on any drives built so far. Its only ad- 
vantages are the possibility of control of power fac 
tor and of speed in as small steps as is desired. 


SUMMARY OF CHARACTERISTICS, ADVAN- 
TAGES AND DISADVANTAGES OF 
FREQUENCY CONVERTER SETS 


This summary is intended to include all features 
of construction and performance which are pertinent 
to their operation and most advantageous use, and 
they necessarily include both advantages and disad- 
vantages as well as those qualities which are of 
value in one application and a detriment in another. 

1. The set is built in either the constant HP or 
constant torque types, single or double range. 

2. Since the frequency converter of the constant 
torque type and the auxiliary synchronous machine 
of the constant HP type each run at the speed of the 
main motor their size and cost will be affected by 
the synchronous speed of the drive, being greater 
for low speeds. 





3. The use of these sets is confined to 25 cycle 
systems and small speed ranges. 


Disadvantages 

|. The frequency converter is a special machine 
and operators and repairmen would not be familiar 
with it. 

2. The converter has an AC commutator. It will 
be noted that all the dynamic regulating sets include 
commutators, some AC and some DC. AC com- 
mutation is the more difficult and less desirable. 


Advantages 

1. The sets may operate double range and thus 
share the general advantages of any double range 
sets, which are: 

a. The auxiliaries may be of much less capacity 
and size than for a single range set, having the same 
top and bottom speed. 

b. Since a smaller amount of power goes through 
the auxiliaries their losses are smaller and the overall 
efficiency somewhat improved. 

c. The unregulated speed of the main motor is 
at or near the center of the speed range and more 
products of the mill may be rolled without the aux- 
iliaries. Thus a lighter section which is normally 
rolled at a high speed may be rolled at a lower speed 
but those normally rolled at a low speed cannot so 
easily be rolled at a higher speed. The unregulated 
speed of a single range set being at the top of its 
range only a few products may be handled without 
the auxiliaries or when they are under inspection 
or repair. 

2. The constant torque type of set has only two 
auxiliary machines and one of these is a transformer. 
This makes for simplicity and good efficiency. 

3. The amount of power factor correction may 
easily be subject to control of the operator and may 
be maintained better than 90-95% at any load or 
speed. 

1. There is no gap in the speed range and full 
load may be carried at any speed. 


PROVISION FOR FUTURE CONVERSION OF 
CONSTANT SPEED DRIVE TO FREQUENCY 
CONVERTER SET 

If at the time that a constant speed induction 
motor drive is installed it is known or considered 
probable that speed regulating equipment will be 
added later, it is good economy to make certain pro 
visions in the original drive to facilitate this late: 
addition. 

Beside the physical space for the location of the 
frequency converter for a constant torque type or 
the synchronous machine of a constant HP type 
there should be a shaft extension for coupling it to 
the main motor. The design, size and cost of the 
converter will be largely benefited if the open circuit 
standstill voltage across one phase of the main motor 
secondary is 360 volts or lower and if both ends of 
the secondary winding be brought out to slip rings 
for six phase operation of the auxiliaries. 


SCHERBIUS SETS 

The third of the widely used types of AC speed 
regulating equipments for Induction Motors is the 
Scherbius set, first developed and used in Europe 
and now widely used in the United States. It is 
sold, guaranteed and operated double range. 
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The means by which it operates to regulate the 
speed of a wound rotor motor below or above syn- 
chronism are fundamentally the same as those de- 
scribed for the Kramer and Freqency converter sets. 
Auxiliary apparatus supplies a voltage at slip fre- 
quency to the secondary of the main motor which 
opposes the induced secondary voltage and causes 
the motor to slow down until the difference between 
the induced and impressed voltage is sufficient to 
circulate the required load current. The value of 
this impressed voltage may be varied or it may be 
reversed in direction. Its value determines the varia- 














FIG. M—Main Induction Motor of Double Range 
Scherbius Set showing Ohmic Drop Exciter. Note 
the small size of the exciter. 


tion of speed from synchronism and if it be re- 
versed the main motor will go above synchronism 
where again the value of this applied voltage deter- 
mines the speed at which the drive will run. The 
speed for a given voltage is practically constant, the 
speed variation from full load to no load being only 
slightly greater than that of the main motor alone, 
although where desirable it may be increased. The 
drive will deliver its full capacity over any part of 
its speed range including that part close to and at 
synchronism. 

















FIG. N—Armature of Scherbius AC. Regulating Ma- 
chine. Note similarity to DC. Armature. 


CONSTANT TORQUE TYPE 
These sets are always supplied as the constant 
torque type, whether the application be for a con- 
stant torque or a constant HP drive. When the 
rating is to be constant HP the set is under rated 
at the higher speeds, but since the drive includes 


means for power factor correction this imposes no 
hardship upon the purchaser and the additional ca- 
pacity may prove useful. The reason for this policy 
is the higher cost of manufacture of the constant HP 
type as will be explained later. 

The complete set is made up of a standard wound 
rotor induction motor having a small machine called 
an Ohmic Drop Exciter mounted on its extended 
shaft and an auxiliary MG set composed of a stand- 
ard squirrel cage induction motor and a 3 phase AC 
commutator machine which may operate as a gen- 
erator or drive the squirrel cage machine as a motor. 

Fig. 18 indicates the connections of these ma- 
chines. 

The 3 sets of brushes of the AC commutator ma- 
chine are connected directly to the slip rings of the 
main motor while the squirrel cage motor is con- 
nected to the power line thus providing a means of 
returning excess secondary energy of the main motor 
to the line for speeds below synchronysm and ob- 
taining necessary additional power for speeds above 
synchronism. 

















FIG. O—Stator of Scherbius AC. Regulating Machine. 


The AC commutator machine has its main field 
excited in part from the slip rings of the main motor 
through an auto transformer and in part from the 
Ohmic Drop Exciter which in turn takes its power 
from the line. 

Speed control is affected by changing the per- 
centage of the main motor secondary voltage applied 
to this field and thus controlling the generated volt- 
age of the machine and power factor correction ob- 
tained by changing the phase angle of the field cur- 
rent with a small transformer winding and thus ad 
vancing that of the AC commutator machine voltage. 


The AC Commutator Machine 

As shown in the accompanying photographs the 
rotor of the AC commutator machine is very similar 
to that of a DC machine. The stator carries three 
field windings: The main field winding of the shunt 
type, a shunt wound interpole field, and a series com- 
pensating winding inserted in the pole faces to 
offset the effect of armature reaction. This last is 
exactly the same as that of a mill type DC machine 
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FIG. 18—Schematic Diagram Double Range Scherbius Set Constant Torque Type. 


and has the same effect of bettering commutation on 
widely and rapidly varying loads. 

A standard DC generator of course normally has 
direct current excitation and produces a direct cur- 
rent voltage, but if it be excited with a certain A.C. 
frequent it will produce a voltage of that same fre- 
quency. Similarly this AC commutator machine is 
excited from the secondary of the main motor and 
produces a voltage which is always of that same 
frequency. It may be shown also that where the 
Ohmic Drop Exciter is used to furnish a part of this 
excitation that furnished by it is likewise always of 
the same frequency as the main motor secondary. 


The Ohmic Drop Exciter 


When the set is to operate double range this 
machine is included to furnish excitation for the AC 
commutator machines because when the set is op- 





erating close to and at synchronism the secondary 
voltage of the main motor and consequently the 
excitation from this source is practically zero. It 
is not included in a single range drive. It is ex- 
actly the same machine as the Frequency Converter 
already described as a part of the set so named. 

It has an armature similar to that of a synchro- 
nous converter with three slip rings on one end and 
a commutator on the other. There is no stator 
winding and in fact no stator in the ordinary sense. 
This is replaced by a ring of magnetic material which 
serves as a keeper to confine the field flux to its 
proper path and is clamped to the rotor outside the 
windings and rotates with it. This construction and 
the mounting of the exciter is also shown in the ac- 
companying photograph. 


The exciter is mounted directly on the extended 
shaft of the main motor and its slip rings fed from 
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the power line through a small transformer. It has 
the same number of poles as the main motor and 
consequently always the same frequency of rotation 

Thus 20 cycles for both if they are 6 pole machines 
and are running at 400 RPM, 15 cycles at 300 RPM 
and so on. 

It is the particular function of this machine to 
provide a given constant voltage at a frequency 
which is always the same as that of the main motor 
secondary, whatever the speed of the set. It re- 
mains to show how this is accomplished. 

When the armature of the exciter is energized 
from its slip rings a magnetic field is set up which 
rotates at synchronous speed of 500 RPM say for a 
six pole machine on a 25 cycle system, just as the 
rotating primary field of an induction motor is set 
up by its primary winding. If now the exciter be 
mechanically rotated in the opposite direction at 500 
RPM this field will be stationary in space and will 
be the equivalent of that of a synchronous converter 
set up by its DC excitation. The voltage appearing 
at its commutator will then be DC and the operation 
that of a synchronous converter. But if the machine 
be driven only 400 RPM in that direction, which 
corresponds to a frequency of rotation of 20 cycles 











FIG. P—Ohmic Drop Exciter mounted on extended 
shaft of main motor of Scherbius Set. Note the 
commutator and slip rings. 


the field set up by the armature conductors will 
rotate backward 100 RPM which corresponds to a 
frequency of rotation of 5 cycles and this frequency 
will appear at the commutator. 

Since the exciter is driven by the main motor of 
the set having also 6 poles its slip at this speed will 


be 500-400 20% and its secondary or slip fre- 
Pete 100 x 25 ee: : 
quency will be 5 cycles. Similarly for a 
500 


speed of 300 RPM the field of the exciter will have 
a frequency of rotation of 10 cycles and it will pro- 
duce a voltage of this frequency at its commutator, 
while the slip frequency of the main motor will also 
500-300 
e ——— x 25 10 cycles. 
500 


Again when the exciter is driven 600 RPM the 
field will rotate 100 RPM in space, but in the oppo- 
site direction from that which it moved before and 


5 cycles will appear at its commutator as before, but 
having an opposite direction. The secondary fre 
quency of the main motor at this speed will also 
D00-600 
be ————— x 25 5 cycles and since the secondary 
500 
conductors which produce this voltage are now mov- 
ing faster than the primary field they cut it in an 
opposite direction and the secondary frequency will 
likewise be reversed in direction. When the set 
runs at synchronous speed, 500 RPM say, the field 
of the exciter is stationary and its rotor bars are 
therefore cutting this field at synchronous speed. 
When the set runs at 400 RPM in one direction the 
exciter field is moving 100 RPM in the opposite di- 
rection, so that the rate of cutting of this field by 
the armature bars is again 500 RPM. Similarly 
when the speed of the set is 600 RPM that of the 
field is 100 RPM in the same direction and the rate 
of motion of the exciter armature bars with respect 
to its field still 500 RPM. Therefore since the in 
tensity of the field does not change we may expect 
the voltage appearing at the commutator of this ex- 
citer to be the same at all speeds and it actually is. 


How Excitation Is Obtained 

Fig. 18 shows that the field of the AC commu- 
tator machine is excited both from the Ohmic Drop 
Exciter and from the main motor slip rings through 
an auto transformer. When the speed of the set is 
widely different from synchronism the portion of 
the excitation furnished by the O.D. Exciter is small 
compared to that from the auto transformer, while 
at and close to synchronous speed there is practica- 
ly no secondary voltage on the main motor and all 
the excitation is derived from the O.D. Exciter. The 
auto transformer furnishes the voltage necessary to 
overcome the reactive drop in the field circuit and 
at speeds widely removed from synchronism this is 
the greater part of the total, because the frequency 
in the main motor secondary is then comparatively 
high. The O.D. Exciter furnishes the constant volt- 
age required to overcome the Ohmic Drop in this 
circuit and since the frequency is practically zero 
near synchronous speeds the reactive drop is like- 
wise almost zero then and only the Ohmic Drop re- 
mains to be overcome. 

The small variations in main motor secondary 
voltage for a given speed and field setting occurring 
with changes of load are accompanied by correspond- 
ing changes of frequency so that the tendency is to 
maintain a constant field flux in the AC commutator 
machine. 

Changes in the field strength of this machine and 
thus of the speed of the set are accomplished by 
changing the taps on the auto transformer so that a 
given secondary voltage of the main motor will im- 
press a higher or lower voltage on this field. ‘The 
controller provided also changes the amount of ex- 
ternal resistance between the O.C. exciter and the 
field to keep the Ohmic Drop constant with varying 
field current. 

The O.D. Exciter is not used on a set which is 
to operate single range only as it is unnecessary. In 
this case the total excitation comes from the auto 
transformer. 


Operation of Complete Set 
The voltage relations in the circuit composed of 
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the main motor secondary and the AC commutator 


machine are as shown in Fig. 7 a voltage chart for 
both Kramer, Frequency Converter, and Scherbius 
sets. If excitation be applied to the AC commutator 
machine from the auto transformer and O.D. Exciter 
when the set is running light just below synchro 
nism it will generate a voltage E; which is applied 
to the secondary of the main motor in a direction 
predetermined to “buck” the generated secondary 
voltage E,, and the set slows down until a balance 
is reached where the difference E, between generated 
and impressed voltage is just sufficient to circulate 
the required load current. If this excitation be ap- 
plied in the opposite direction the set will accelerate 
and go above synchronism. Its speed for any value 
of excitation will be stable and the change of speed 
with load only slightly greater than that of the main 
motor alone. 

As described in the general statements relating to 
the flow of power between machines forming an AC 
adjustable speed set the constant torque type has 








Em 
NoReMAL Sur SPeeo 
ee 
Em 
Bevow NoRMAL Sue 
a SS ee, eee 
E1 > Em 
ete eee P| BETWEEN NORMAL SLIP 
Er Ano SYNCHRONOUS SPECO 
Le ae eee ae ee See ae ee oe 
VOLTAGE 
CHART ee, OO EN al 
AT SYNCHRONOUS SPEEO 
ae ee 
a a ae a 
ABove SyncHRONOUS SPEEO 
Ex ~ 
La © au © ame See © ame © ome 0 ow ieee 








THIS QUANTITY 


Fe— CHANGES With Loan —Oq 


Em—Slip voltage of motor secondary (This reverses 
as motor passes through synchronism. 


Er—Voltage required to circulate a given load cur- 
rent through motor secondary winding. 


Ei—Voltage supplied by auxiliaries and impressed 
upon secondary. 


FIG. 7—Voltage relations in secondary circuit of the 
Main Motor of an A. C, Adjustable Speed Set. 


the main motor only delivering power to the load 
and auxiliaries connecting the secondary of the main 
motor to the power line. When the set is delivering 
its rated torque to the load at speeds below syn- 
chronism the main motor takes its full HP rating 
in electrical energy from the line, but since it must 
deliver more than this in mechanical output the dif 
ference must be furnished as electrical energy to the 
main motor secondary. For the Scherbius constant 
torque type set the M-G set composed of the squirrel 
cage machine and the AC commutator machine serve 





to convert this surplus energy to the proper charac- 
teristics and feed it back into the line in the first 
case and to supply it from the line at proper tre 
quency and voltage in the second. 


Rating of Auxiliaries 
The rating of the regulating set is determined by 
the amount by which the speed of the main motor 
is varied from synchronous and by the HP which 
the drive requires at the extreme speeds. 
The electrical energy to be handled by the regu 
lating set at any given per cent slip of the main 
i P slip * 
motor is approximately - 
1 + slip 


shaft HP, conside1 


ing the slip to be positive for speeds above synchro 
nous and negative for speeds below. Thus a drive 
which is rated 1000/1000/1000 HP at 750/600/450 
RPM will require at the top speed a regulating set 
to handle 25/125 x 1000 200 HP and at the low 
speed to handle 25/75 x 1000 = 333 HP. The rating 
at the low speed will of course determine the ca 
pacity required of the regulating set for this drive. 

lf the drive be rated constant torque 1250/1000 
750 HP at 750/600/450 RPM the regulating set will 
have to handle 25/125 X& 1250 250 HP and 25/75 

750 250 HP at the high and low speeds re 
spectively. 


Double Range Drives 

Scherbius sets are sold, guaranteed and operated 
double range. When equipped with the O.D. Ex- 
citer they will carry full load through synchronism 
to speeds above and their operation in this region 
is entirely stable. 

The frequency and voltage in the circuit com 
posed of the main motor secondary and the AC com 
mutator machine becomes quite low in this region 
and is in fact theoretically zero at synchronism so 
the field of the AC commutator machine cannot re 
ceive the necessary excitation from the auto trans 
former which normally feeds it from this source. 
The voltage produced by the O.D. Exciter, while 
always of the same frequency as that of the AC 
commutator machine and the main motor secondary 
is constant in value for all speeds and is available 
at this point to furnish the necessary excitation. The 
amount which it furnishes is controlled by the in 
sertion of varying amounts of resistance between it 
and the field it excites and thus the speed of the set 
controlled over this part of its range. 

Operating a drive double range reduces the sizes 
of the regulating set from what it would be if the 
same drive had to cover this same speed range with 
a single reduction from a synchronous speed at its 
upper limit and the closer the synchronous speed of 
the double range drive comes to the center of the 
range required the smaller the regulating set. 

Thus consider the case of a drive which requires 
5000/500 HP over a range of 300/150 RPM. Single 
range equipment would require a regulating set to 


handle 50/50 x 500 500 HP while if the set can 
be given a synchronous speed of 214 RPM._ the 
regulating set need handle only 40/140 x 1000 285 
HP at the high speed and 30/70 x 500 214 HP at 


the minimum speed. 
If now a synchronous speed of 250 


RPM be 


chosen the regulating set must handle 20/120 x 1000 
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= 167 HP at the maximum speed but 40/60 x 500= 
333 HP at the minimum speed. The capacity re- 
quired in the regulating sets will be 500; 285; 33: 
HP, respectively, in the three cases cited. The sec- 


> 
) 


ond arrangement which puts the synchronous speed 
f the set approximately midway of the speed range 
[It will be 


() 
gives the minimum size regulating set. 
noted that in the first case the speed of the main 
motor is higher (300 RPM) than in the second (214 
RPM) and it would therefore be a smaller and less 
expensive machine, but as a rule the difference in 
the size of the regulating set more than offsets this 
and the net result is that the choice of synchronous 
speed nearest the center of the speed range will give 
the most economical drive. 

If the drive is to deliver constant HP the main 
motor will have approximately the same size, what- 
ever the choice of its synchronous speed and since 
there is then nothing to offset the increase in size 
of regulating set it is particularly important to have 
the main motor synchronous speed near the center 


of the speed range. 


Constant Torque Type Sets Delivering Constant HP 

If the set be of the constant torque type and yet 
must deliver constant HP then the main motor must 
be larger for the same output than if the set were 
of the constant HP type and the whole set is then 
under rated at the higher speeds but since power 
factor corrective effect is included with the set this 
is no hardship to the purchaser and the extra ca- 
pacity is there if needed. 

Thus if a given drive requires 1000 HP, 300 to 
150 RPM, the main motor of a constant HP type 
set to supply it would be 1000 HP at 300 RPM and 
at 150 RPM it and the auxiliary motor coupled to 
its shaft would each deliver half the load torque, but 
the main motor of a constant torque type set must 
deliver this full torque by itself and to do this it 
must have a rating of 2000 HP at 300 RPM. 

The whole of the constant torque type set then 
has a torque capacity over its entire speed range 
equal to the maximum required by the constant HP 
rating and it is operated below this at the higher 
speeds. ‘The reason for this policy of using constant 
torque sets for both those and constant HP drives 
is that this type lends itself better to manufacturing 
practices and can therefore be produced more eco- 
nomically than the other. The regulating machine 
of a constant HP type set being operated at main 
motor speed must be built different for each such 
drive, and its size largely influenced by the speed of 
the drive. The regulating set of the constant torque 
type is mechanically independent of the main drive 


so that the same standard set may be used for many 
different drives and built to operate at the most eco- 


nomical speed so that in spite of its including two 
machines instead of one for a constant HP type its 


average total cost is lower. 


Permissible Speed Range 


The limiting factor in determining the maximum 
possible speed range of these sets is the commuta- 
tion of the AC regulation machine. This becomes 
more difficult as the frequency on the machine in- 
creases and the practical limit is set at 20 cycles. 

The size and, consequently, the cost of the regu- 
lating set increases directly with the speed range, 
other things being equal and this is often a limit on 
the range employed even though it is feasible to 
build a set which will operate entirely satisfactorily 
on a wider range. 

The frequency on the regulating set is higher for 
a given speed range when the power supply is 60 
cycles than when it is 25 cycles and the result is that 
60 cycle Scherbius sets are limited in range to 2 to 
1, while 25 cycle sets are limited only by the cost 
of the regulating set. Thus using 20 cycles of slip 
as a limit we can operate a 60 cycle set at speeds 
corresponding to 40 cycles lower limit and 80 cycles 
upper limit, obtaining a range of 80:40 = 2:1, while 
the same 20 cycles slip for a 25 cycle set would mean 
a speed corresponding to a lower limit of frequency 
of 25-20 = 5 cycles and an upper limit of 25 + 20 
= 45 cycles, which is a range of 45:5 = 9:1. But, 
assuming a constant torque rating the capacity of 
the regulating set in the first case would be the 
same as that of the main motor and in the second 
case four times that of the main motor and since 
the special construction of the regulating machine 
makes it even more expensive per KW than the 
standard induction motor it is not economical to 
build these sets for such ranges. The usual limit is 
a total range of 3:1 obtained by regulating 50% each 
way trom synchronous. 


Efficiency and Power Factor 

Means are provided in the set for maintaining an 
overall power factor of either 90 to 100% or 95 to 
100% lagging for all loads and speeds according to 
the desires of the purchaser. This consists of a 
small transformer winding so connected as to ad- 
vance the phase angle of the current supplied from 
the AC regulating machine and thus offset in part 
the lagging component of the primary current in 
the main motor required to maintain its magnetic 
field. 

The cost per KVA of the AC regulating machine 
is much higher than that of standard synchronous 
machinery and it is not economical to try to include 
sufficient corrective effect in this machine to give 
the set a leading power factor, because of the in- 
creased capacity required in this machine to do this. 

Fig. 19 shows the power factor and efficiency of 
a typical set as well as the same quantities for the 
main motor alone. These show that the power factor 
of the main motor is bettered by the addition of 
regulating equipment by reason of the corrective 
effect which they include and the efficiency lowered 
by reason of losses in the added machines. ‘The 
overall efficiency of the set is of course lower than 
that of the main motor alone because of the losses 
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since on 


wide speed 
ranges a greater proportion of the total power is 
handled by the regulating machines, its efficiency is 
then comparatively less when operating at a speed 


in regulating machines, and 


when closer. 
) 


ISU 


far removed from synchronism than 
The inherent efficiency of the main motor alone a 
influences that of the set of which it is a part. 
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FIG. 19—Power Factor and Efficiency Curves of 
Scherbius Set and of Main Motor Alone. 
Set Rating—4500 HP., 498/375/311 RPM. 
\— Efficiency of Set—Maximum Speed Reduction 
B—Power Factor of Main Motor Alone. 
C—FEfficiency of Main Motor Alone. 
D—Power Factor of Set. 


PROVISION FOR LATER ADDITION OF 
SCHERBIUS REGULATING EQUIPMENT 
TO A CONSTANT SPEED DRIVE 


Sometimes it is known when a constant speed 
induction motor drive is installed that it will be 
necessary to add speed regulating equipment to it 
later and it then becomes important to know what 
provisions must be made in the constant speed drive 
for these additions. 

Scherbius double range equipment will require a 
shaft extension on the end of the main motor to 
carry the OD exciter, and to get the most economical 
design of AC commutator machine the open circuit 
voltage of the main motor secondary across one 
phase when the rotor is standing still, known as 
the “locked” open circuit secondary voltage, should 
approximate 1,000 volts. Space must be provided 
in the vicinity for the regulating set in order to 
keep the voltage drop low in the leads between it 
and the main motor. 


Constant Horsepower Type 

While the constant HP type Scherbius set is 
not manufactured because it has inherent cost dis- 
advantages when compared to the constant torque 
type, it is a perfectly feasible system which has 
been tested out and when the application requires 
constant HP it has the advantage of working both 
machines at their full rating and of including one 
less machine per drive than the constant torque set. 

This set may be built for either single or double 
range and when built for double range it will carry 
full load close to and at synchronism and accclerate 
full load through this point to higher speeds. It 
includes the same power factor correction effect as 








the constant torque type and has similar operating 
characteristics. 

Fig. 20 shows the main connection of a constant 
HP set. It consists simply of a standard wound 
rotor induction motor and mounted on the same 
shaft or coupled to it an AC commutator type 
regulating machine of exactly the same type as 
forms a part of the constant torque set. If the set 
is to regulate both ways from synchronous an OD 
exciter is used and also driven from the main motor. 

As is the case with the constant torque set the 
excitation for the AC regulating machine is obtained 
through an auto transformer from the secondary 
voltage of the main motor and from the OD exciter 
when it is used, and since the frequency of its ex- 
citation is always that of the main motor secondary 
the voltage which it produces must likewise be the 
same and therefore may be applied to the secondary 
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FIG. 20—Schematic Diagram of Double Range Scher- 
bius Set Constant HP. Type. 


Speed variation is obtained here just as it is on 
the constant torque type. by controlling the ex- 
citation of the AC regulating machine a given volt- 
age is introduced in the main motor secondary in 
a direction to “buck” the voltage generated there 
and the machine slows down until the difference 
between the generated and the applied voltage is 
sufficient to circulate the required load current. 
Similarly excitation applied to the field of the 
regulating machine in the opposite direction causes 
the set to increase in speed above synchronous. 
The speed is practically constant for a given value 
of excitation and the operation stable at any speed 
within the range for which it was built. 

The great difference between this and the con- 
stant torque set lies in the rating for a given con- 
stant HP load of the machines which make it up. 
The main motor of this set always takes its full 
rated HP in electrical energy from the line when the 
mill demands full load and delivers its rated torque 
to the load, which of course would not amount to 
constant HP at speeds below synchronism. The 
remainder of the torque necessary for a constant HP 
load is furnished by the AC regulating machine. 

Therefore for a set delivering say 1000 HP at 
25% slip the main motor simply has a rating of 
1000 HP at the top speed and the AC regulating 
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machine a rating of 1000 x .25 = 250 HP. A con- 
stant torque set to deliver the same load must have 
a main motor capable of delivering the entire load 
torque which requires this machine to have a rating 


of 1000/75 = 1333 HP while the regulating set must 
; : slip ; ; d 
have a capacity of ————— x shaft HP which 1s 
1 — slip 
25 
——— x 1000 = 333 HP. 
1 — 25 


In spite of the obvious gain in capacity of ma- 
chines indicated it is the experience of the manufac- 
turer that it is cheaper to build the constant torque 
type set for both constant torque and constant HP 
drives and it is his practice to do so. 

The reasons for this as previously given are as 
follows: 

1. The regulating machine of a constant HP 
set runs at the same speed as the main motor and 
its size and cost is thereby influenced by the main 
motor speed being greater for slow — speed 
drives. A slow speed regulating machine also means 
a greater number of main and interpoles and brush 
sets which increases cost and is mechanically unde- 
sirable. The regulating machine would have to be 
designed anew for the particular speed and capacity 
of almost every drive built which adds to the ex- 
pense of building them. 

2. The regulating set of a constant torque set 
may have its speed chosen to best suit its design, 
independent of that of the main motor and thus a 
relatively few standard regulating sets used for 
many different drives. 


SUMMARY OF CHARACTERISTICS, 
ADVANTAGES AND DISADVANTAGES 
OF SCHERBIUS SETS 


This summary of characteristics of Scherbius sets 
is intended to include all features of construction and 
performance which are pertinent to their operation 
and most advantageous use, and necessarily includes 
both advantages and disadvantages as well as those 
qualities which may be of value in one application 
and a detriment in another. 

1. The Scherbius system has been in use for 
more than twelve years in this country and a large 
number of drives have been put into operation during 
that time with satisfactory results. 

2. The set has been built in the constant torque 
type only, but for either constant torque or constant 
HP service. 

3. The size and cost of auxiliaries is independent 
of the synchronous speed of the drive. 

!. Scherbius sets are built, sold, and operated 
both 25 and 60 cycle and at intermediate frequencies. 
The size and cost of the regulating machines for a 
60 cycle drive is greater than that for a 25 cycle set 
because the frequency on the commutator for a given 
per cent speed regulation is higher, but as built they 
are entirely satisfactory on either frequency. 


5. The maximum speed range available is 2:1 on 
60 cycle system and five or six to one on 25 cycles. 
The practical limit as fixed by cost is usually less 
in either case. 


Disadvantages 

1. The regulating machine as well as the OD 
exciter has an AC commutator. While all dynamic 
regulating sets include commutators some AC and 
some DC, AC commutation is the more difficult and 
less desirable. 

2. Both the OD exciter and the regulating ma- 
chines are special machines and operators and repair- 
men would not be familiar with them.. 


Advantages 

1. The sets may be operated double range and 
thus obtain the general advantages of any double 
range sets which are: 

a. The auxiliaries may be of much less capacity 
and size than for a single range set having the same 
top and bottom speed. 


b. Since a smaller amount of power goes through 
the auxiliaries their losses are smaller and the overall 
efficiency of the set somewhat improved. 


c. The unregulated speed of the main motor is at 
or near the center of the speed range and more prod- 
ucts of the mill may be rolled without the auxiliaries. 
Thus a heavier section which is normally rolled at 
a low speed cannot so easily be rolled at a higher 
speed. The unregulated speed of a single range set 
being at the top of its range only a few products 
may be handled when the auxiliaries are undergoing 
inspection or repair. 


2. Scherbius sets are sold, guaranteed and op- 
erated single or double range. There is no gap in 
the speed range of double range sets and full load 


may be handled at any speed. 
3. The overall power factor is maintained better 
than 90-95% at all speeds and loads. 


!. No DC excitation is required and all power 
may be drawn from one source. This is an advan- 
tage in that where a drive is dependent upon two 
different sources of power trouble with either will 
shut it down. 


NOTES TO TABLE III 


The purpose of this table is: 


(1) To present the essential information about 
each of the three systems of speed regulation which 
an engineer requires when first contemplating the 
use of one of them, and to present it in such form 
that he may make use of it without going through 
the detailed description of each set. 


(2) To provide for the engineer already familiar 
with them a review of the advantages and disadvan- 
tages of each together with those characteristics 
which are an advantage in one application and a 
detriment in another. 

Figures given have been checked with the manu- 
facturers of the equipment to which they apply and 
represent present practice accurately although it is 
entirely probable that future development of the 
art will better the characteristics given, extend speed 
ranges or allow of economical construction in ways 
not now feasible. 
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BRUSH SHIFTING MOTOR 

This is a polyphase AC motor providing a truly 
adjustable speed over a wide range without auxiliary 
apparatus. A great many have been built in sizes 
up to 75 HP for auxiliary service and two of 500 and 
600 HP respectively for rolling mill drive. 

The speed once set changes with load only 
slightly more than that of a standard induction 
motor, but is easily varied when necessary and the 
machine while inherently a constant torque device 
will be stable in operation and deliver its full torque 
at any speed. 

In view of these facts and the possibilities of its 
application to small mills it seems worth while to 
discuss it briefly and to set forth its characteristics 
of operation. 

Fig. 21 shows the main connections of the ma- 
chine and their relation to each other, while the 
accompanying photograph shows the general appear- 
ance of the finished machine. 

Essentially the machine is a wound rotor induc- 
tion machine with a third winding which through 
the medium of a commutator and the shifting of 
brushes on that commutator produces an adjustable 
voltage at slip frequency. ‘This regulating voltage 
is controllable and reversible and when impressed 
upon the motor secondary winding it opposes or 
assists the internal secondary voltage and reduces 
or increases the motor speed from synchronous just 
as is done in a Scherbius or Kramer set. 

The primary is wound on the rotor and fed from 
the line through slip rings, while the secondary 
winding is in the stator and has both ends of each 






StatorR WINDING 


UTATO 


dia 82 i Primary 


phase brought out. In the same slots as the pri- 
mary winding but not connected to it electrically, 
is the regulating winding which is brought out and 
connected to a commutator just as a DC winding 
would be. The two ends of each phase of the sec- 
ondary winding are connected to brush yokes on 
opposite ends of the commutator, so that when the 
two sets of brushes are lined up each phase is 
short circuited by a commutator bar and the machine 
then behaves like a standard induction machine. To 
obtain speed adjustment the brush yokes are moved 
so that the brushes connected to the two ends of a 
phase of the secondary are several bars apart. Then 
when the primary is connected to the line its mag- 
netic field induces a certain voltage in the regulating 
winding which through the action of the commutator 
appears at the brushes at slip frequency which is 
also that of the motor secondary and being im- 
pressed upon the secondary winding opposes its 
induced voltage and the motor slows down until 
the difference between induced and impressed volt- 
age 1s enough to circulate the required load current. 

By moving the brushes so that those connected 
to the two ends of a given phase are farther apart 
the voltage between them is increased and the mo- 
tor speed still further reduced, or by moving the 
two apart in the opposite direction this voltage is 
reversed and assists the induced voltage in the sec- 
ondary winding so that the motor speed goes above 
synchronism. 

The speed at any load is stable and the change 
of speed with load is only slightly greater than that 
of a standard wound rotor machine. 
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FIG. 21—Variable Speed AC. Brush Shifting Motor. 
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Control 
The machine is normally started by being thrown 
directly across the line with the brushes in the slow 


speed position and when so handled will deliver 


about 200 per cent of full load torque while taking 
about 150-175 per cent full load current from the 
line. 

The speed is controlled by a geared motion which 
drives the two brush yokes in opposite directions 
simultaneously. This may be changed to be operated 
by hand or be driven by a small pilot motor which 
in turn is controlled from a remote point. 


Ratings 

The machine is inherently a constant torque de 
vice so that it will have a rating such as 600/200 
HP, 307/102 RPM and if required to deliver con- 
stant HP it will be oversize at the top speed. 














FIG. Q—Mill Type Brush Shifting Motor—Rated 
600/418/200 HP. at 307/214/102 RPM. Note motor 
driven speed adjusting gear. 


The slip energy only is handled by the com- 

mutator and regulating winding, so that such a 
winding capable of handling 50% of the motor 
rating at synchronous speed will allow adjustments 
of motor speed from 50% to 150% of synchronous. 
This is the usual range (3:1) for which the machines 
are built. 
They have been built for some time in sizes up 
to 75 HP at the top speed, and two rated 600/300 
HP 307/102 RPM, and 500/250 HP 130/65 RPM 
respectively have been in operation successfully on 
mill drives for several years. 


Efficiency and Power Factor 

The efficiency is slightly less than that of the 
standard machine because of losses in the regulating 
windings, but much better than that of a wound 
rotor machine using secondary resistance to obtain 
the same speed reduction. 

The power factor is affected by the position of 
the brushes but is maintained at a high value 90 
to 95% at the high speed; it is the same as that 
of a standard wound rotor machine at synchronous 
speed and falls to 65-70% at the minimum speed. 


Summary of Characteristics, Advantages, and 
Disadvantages 
This summary of characteristics is intended to 





include all features of construction and performance 
which are pertinent to operation and the most ad- 
vantageous use, and necessarily includes both ad- 
vantages and disadvantages as well as those quali- 
ties which may be of value in one application and 
a detriment in another. 


1. The fact that the machine has an AC com- 
mutator and that AC commutation becomes rela- 
tively more difficult with increasing frequency limits 
its use in larger sizes to 25 cycle systems. The 
machine can be built for 60 cycle operation but is 
not competitive. 

2. The most expensive part of an induction mo- 
tor is the stator and the most expensive part of a 
DC motor is the armature and commutator. The 
stator and rotor of this machine are similar to those 
mentioned and consequently the cost of the motor 
is high. 


Advantages 
1. The motor has no auxiliaries of any kind and 
requires no direct current. In addition to the ad- 


vantages inherent in the use of AC power there 
lies that of being dependent upon one power system 
only because if DC and AC are both used on one 
drive the failure of either will cause a shutdown. 

2. The speed of the machine may be controlled 
by other regulating devices or instruments. For 
example to maintain a set air pressure in the case 
of a fan drive or by a device to make the speed of 
one stand of a mill keep a definite relation to that 
of another. This is easily done with DC machines 
but is not usually feasible with an AC drive. 

3. The control is extremely simple and reliable. 


Disadvantages 

1. The machines include an AC commutator. All 
the methods of dynamic speed regulation include a 
commutator, some DC and some AC. Both are to 
be avoided if possible but of the two AC commuta- 
tion is the more difficult and !ess desirable. 

2. The fact that the full power of the motor is 
fed through slip rings at the line voltage limits this 
voltage to 440-550 volts and where the necessary 
power at this or lower voltage is not available re 
quires transformers to provide it. 


NOTES TO TABLE IV 

There are proper fields of application for AC 
adjustable speed drives and other equally proper 
fields for DC drives and still others where the divid- 
ing line is very faint. It is very hard to make gen- 
eral statements about the use of AC or DC which 
are not misleading because so many different cir- 
cumstances enter into the determination of the most 
suitable and most economical drive for a_ given 
purpose. 

Therefore it seemed more logical and more prac- 
tical to list these principal factors and give a brief 
statement of the influence of each upon the proper 
choice. This is done in the paragraphs following 

In addition it seemed possible to give tabular 
form to certain broad differences between AC and 
DC drives and to indicate the principal advantages 
and disadvantages possessed in common by the vari- 
ous types of each of the two methods. This has 
been done in Table IV. 
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FACTORS INFLUENCING A CHOICE OF AC. 
OR D.C. FOR A GIVEN ADJUSTABLE 
SPEED DRIVE 

Speed Regulation 

For tandem mills where succesive stands are 
closely spaced so that the piece is in several at one 
time and the speed high it is usually necessary to 
have very close speed regulation on the order of 
one to two per cent to prevent pulling the piece in 
two and yet avoid excessive looping. This close 
regulation, at the present state of the art, can be 
obtained only with D.C. drives. Again in similar 
cases to that named and in rod mills where loops 
must be maintained between stands it is sometimes 
necessary to regulate the speed of a drive by that of 
another drive with an accuracy of a fraction of one 
per cent. This can only be done with D.C. drive. 
Speed Range 

The influence of the width of speed range on 
cost is given under that item. It is possible to 
obtain wider ranges on D.C. drives than with A.C. 
Thus while 2:1 ranges are practically standard for 
both and certain types of each may be built for 3:1 
range beyond this figure it is usually advisable to 
go to D.C. 

Efficiency 

Where the tonnage of the mill is large the gain 
in power costs resulting from the higher efficiency 
of the A.C. drive will frequently be a substantial 
amount. 

Power Factor 

The A.C. adjustable speed drives will have an 
overall power factor of 90-95% which is about equal 
to and possibly slightly better than the usual plant 
power factor. Thus the power these drives take 
will not require any external corrective effect, but 
neither will it benefit that of the plant as a whole 
to any great extent. 

D.C. drives supplied from synchronous converters 
will improve the plant power factor slightly but not 
largely, since they will take energy at unity power 
factor. When synchronous M-G sets are used for 
conversion these may easily be 80% power factor ma 
chines and thus furnish considerable corrective effect. 
Service 

Drives for reversing two high mills require quick 
reversals and rapid changes of speed under load and 
the operator must have full control of his drive at 
all points of the speed range. This flexibility can 
only be obtained with a special type of D.C. drive. 
Similarly some three high structural mills require 
a low entering speed for the first few passes and 
higher speeds for the others together with quick 
acceleration under load which characteristics can 
best be obtained with D.C. drive. 

When it is believed that adjustable speed will 
later be necessary on a given drive, although it is 
not necessary now, it is feasible to install a con- 
stant speed A.C. induction motor drive and later 
add the necessary auxiliary equipment to obtain 
adjustable speed. This cannot well be done with 
a D.C. drive. 

Cost 

When it is once determined that either A.C. or 
D.C. will serve the purpose intended, then un- 
doubtedly the most important factor is their com- 
parative cost. This will be so influenced by the 
conditions of each application that it is impossible 


to give a figure for comparative cost which will 
apply to all drives. This can be reliably done only 
when all the conditions of power supply, number 
and size of drives, speed range, etc., are known, 
but it is possible to indicate how these various 
factors affect the comparative cost and to say that 
under a given set of conditions one or the other 
will generally be the cheaper. 

Capacity of Drive 
For drives under 500 HP D.C. is generally the 

cheaper because the cost per HP of auxiliaries for 
an A.C. set is high in small capacities. For very 
large drives 3000-4000 HP and higher the A.C. sets 
tend to become cheaper than D.C. because the cost 
per HP of the auxiliaries is then low. 

Number of Drives 
Where one drive only is concerned the A.C. set 

tends to be the cheaper but where a number of 

drives in the same location are involved and it is 
possible to use one or two M-G sets in common 

1).C. tends to be the cheaper. 

Speed Range 
A wide speed range, greater than 2:1 tends to 

make A.C. drive the more expensive while a range 

less than 2:1 tends to make it the cheaper. 

Power Supply 
Where it is possible to operate 1).C. drives direct 

from the mill D.C. network without purchasing ad 

ditional converting capacity then the D.C. drive 
will be far cheaper. 
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Alternating Current Only 

Speed Control of Induction Motors—J. D. Wright, 
General Electric Review, Page 104, 1917, 

Adjustable Speed A.C. Motor With Shunt Char- 
acteristics—H. C. Uhl, General Electric Review, 
\pril, 1925. 

Speed Adjustment of A.C. Mill Motors—G. EF. 
Stoltz, Electric Journal, May, 1914. 

Klectrical Engineering Papers—B. G. Lamme, Pub 
lished by the W. E. & M. Co. 

Variable Speed Induction Motor Sets—C. W. Kin 
caid, Electric Journal, September, 1921. 

Frequency Converter Speed Sets for Carnegie Steel 

G. P. Wilson, Iron & Steel Engineer, De- 
cember, 1927. 
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Developments in Steam Making* 


By MARTIN FRISCHt+ 


ploiting developments which disclose possibili- 
ties of reducing the cost of making steam, which 
represents a major portion of the cost of making 
power. They have adopted most of the promising 
developments and improvements in boiler room 
equipment, especially fuel burning equipment, and 
these have led to cheaper steam and to cheaper 
power. It is regrettable that in spite of this some 
industrial engineers have the notion that to imitate 
the central stations is like trying to “keep up with 
the Joneses.” 
The same developments and the same opportuni- 
ties for saving money in the manufacture of steam 
are available to industrial and steel mill boiler plants. 


Ene: stations are seldom backward in ex- 


A Bit of Boiler Plant Economics 

Experience indicates that the cheapest steam is 
not always made in the cheapest boiler plant, nor 
necessarily in the, thermally, most efficient one. <A 
boiler plant needs to be, first, reliable and, second, 
economical. <A given reliability has its price, ir- 
respective of the efficiencies that can be built into 
the plant for that price. Higher efficiencies than 





FIG. 1—No. 2 Unit, Fordson Plant. Be- 
fore and after revamping to double 
steaming capacity of original boilers. 
Water walls in furnace represent only 
12% of steaming surface. 





*Paper delivered April 24 before the A.I.&S.E.E., Chi- 


cago, II. 
TCombustion Engineering Corporation, New York. 


these are justifiable if they pay their own way, and 
if they result in economies which yield a satisfactory 
return on the marginal investment needed to obtain 
the increased efficiencies. 

To be reliable a boiler plant must have equip- 
ment that is mechanically correct, easy to operate 
and to maintain, and which is not sensitive to varia- 
tions in the quality of the customary fuel. 


To be most economical a boiler plant should be 
able to continuously turn out the maximum amount 
of steam per dollar when and as needed, which 
means that the sum of fixed costs, fuel cost and cost 
of operating and maintaining the steam plant must 
be a minimum for the steam produced by the plant 
during its useful life. 


Plant Location Determines Best Combination 

of Equipment 

It is unsafe to dogmatize as to what combination 
of boiler room equipment should be installed to 
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produce the cheapest steam. Much depends on the 
plant, for example: Its location, kind of load, and 
on the fuel and labor markets available. In general, 
the boiler plant which can burn with minimum 
trouble the largest variety of fuels, especially low 
grade coals and the boiler room waich can be most 
readily and quickly adapted to other fuels such as 
oil or gas when market conditions warrant, will be 
the most economical for the “long pull,” all other 
things being equal. This is especially true of steel 
mill boiler plants which generally have many un- 
marketable by-products or waste fuel available simul- 
taneously. A plant’s ability to burn wide varieties 
of fuel gives it bargaining power in the purchase of 
its fuel and renders it sate from disturbances in the 
supply of its customary fuel. 


Pulverized Coal Fired Boiler Plants Have 

Unique Advantages 

Pulverized coal fired boiler plants are unique in 
their built in ability to burn all grades of bituminous 
coals and in their built in ability or ready convert 
ibility to burn gas or oil, when the market warrants. 
Furthermore, they are easy to operate and on ac 
count of the ease with which the proportions and 
completeness of mixing of air and fuel may be con- 
trolled and the rate of combustion varied, it is pos 
sible to maintain over long periods operating effi 
ciencies which closely approach test efficiencies. 
This is true, also, because banking losses with this 
mode of firing are negligible. The “Serviceability” 
of such plants is high because boiler outages on 
account of the failure of the coal burning equipment 
are infrequent. ‘This favors the attainment of high 
economic efficiencies from plants of conservative 
and unextravagant design. For certain load condi 
tions and plant size the storage system of burning 
pulverized coal offers a means for firing boilers, 
which for reliability, flexibility, and economy is un 
excelled. For other load conditions the unit system 
may prove more economical. Either of these sys 
tems may be so worked out that gas or oil may be 
burned alone or in combination with the pulverized 
coal with but minor modifications to the furnace. 

The successful development of powdered coal 
firing for boilers has forced marked improvements 
in stokers and other furnace equipment and even 
in boilers. 


Trend of Development 

The general trend of the development work has 
been to increase capacities and efficiencies of given 
sizes of equipment and to reduce maintenance costs, 
and to eliminate or minimize difficulties of operation. 


High Steam Capacities Now Customary 

Steaming practice has changed. It is now com 
monplace and customary for boilers to be forced to 
deliver continuously many times their nominal rated 
capacity. Thus, in an industrial plant in Detroit, 
boilers, shown by Figure 1, whose rated capacity 1s 
80,000 pounds of steam per hour, continuously de- 
liver day in and day out 400,000 pounds of steam 
per hour per boiler and 500,000 pounds or more per 
hour when necessary to carry peak loads which may 
last for several hours. High rates of evaporation 
per square foot of boiler surface can be maintained 
continuously and economically. Generally, heat re- 
covery apparatus which may or may not be cheaper 





than boiler surface is used to cool the gases leaving 
the boiler and to utilize the abstracted heat in the 
steam making process, say in heating feed water or 
in preheating air for combustion, if the savings war- 
rant, as they most always do. 

The indications are that very few future plants 
will be installed to operate at the low rates of 
evaporation customary only two years ago, 


Powdered Coal Experience Emphasizes Latent 

Steaming Ability of Boilers 

It was evident from the start that it would be 
possible to burn larger amounts of coal in powdered 
coal furnaces under boilers of limited cross sectional 
area than was then thought possible with stokers, 
whose fuel burning capacity was generally limited 
by the boiler width. This made powdered coal en- 
gineers soon realize that the amount of flue gas that 
can’ be put through a boiler, sets the real limit to 
the amount of steam that the boiler can make. They 
put boiler surface to work. Rates of evaporation of 
20 to 30 pounds per hour per square foot of boiler 
heating surface are now being realized daily in in- 
dustrial as well as utility plants under conditions 
most exacting as to realiability and economy. What 
is the significance of this? <A given boiler can be 
counted on for more steam and fewer boilers and 
less boiler surface, and hence smaller boiler plants 
are needed to satisfy a given steam demand, A 
viven investment for boilers results in lower first 
cost per developed boiler horsepower than was 
thought possible before. Money so saved is gen- 
erally invested in efficiency increasing auxiliaries and 
in general such marginal investments yield hand- 
some returns on account of the savings they produce 


Furnace Capacities Increase As Furnaces Improve 

\t first powdered coal combustion rates per cubic 
foot of furnace volume were lower than those cus- 
tomary in stoker furnaces. but this did not limit 
the aggregate fuel burning capacities of pulverized 
coal furnaces, because, by the simple expedient of 
increasing the depth of the furnace and the length 
of the flame and gas path through the furnace it 
was possible to increase the fuel burning capacity of 
the furnace beyond the limits usually thought at- 
tainable or practicable with the given boiler. Com 
bustion rates up to 15,000 B.T.U per cubic foot of 
combustion space were realized in solid refractory 
furnace burning 25,000 pounds or more coal per 
hour in the first large industrial boiler plant built 
to burn pulverized coal primarily. The development 
of air cooled hollow refractory walls and water 
screens extended the utility of powdered coal firing. 
These developments made combustion rates of 20,000 
B.T.U. per cubic foot and furnace capacities of 
35,000 to 40,000 pounds of coal per hour possible 
and these performances are still being maintained 
by the first plants to adopt them. 

The obvious way to eliminate refractory main- 
tenance is to eliminate the refractory from the fur- 
nace. So the next step was to put part of the 
boiler around the furnace by replacing refractories 
with water or steam cooled surfaces. This expedient 
eliminated the most serious limitation to higher 
combustion rates and higher capacities. 

Water cooled surfaces proved satisfactory for the 
protection of stationary boiler furnace walls and 
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FIG. 2—Forced Draft Traveling Grate 
with rear arch for coke breeze and 
small anthracite. Furnace completely 
watercooled. 
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with rear arch. For lower grade bitu- 
minous. Furnace completely water cooled. 














> st sa au Tal _l 


FIG. 4—Turbulence in tangentially fired fur- 
nace produced by directing fuel and air tan- 
gent to an imaginary circle in furnace as 
indicated in Fig. 4A. 





















































FIG. 3—Turbulence in horizontally fired 
furnace produced by large number of 
secondary air jets directed tangentially 
against an annular jet of fuel as indi- 
cated in Fig. 3A. The entire mixing is 
accomplished in the burner. 
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FIG. 5—Turbulence in vertically fired fur- gS 
nace produced by the impact of higb. 0 7 Pees 
velocity air jets against and at right 100 200 300 400 500 660 
angles to the burning fuel. Part of the Per Cent Boiler Rating Deve loped 
mixing is accomplished in the burner By Unit 
shown below and part in the furnace. FIG. 8 


FIGURES 7 AND 8—Performance of typical water walls 
and screens. Key to Figs. 7 and 8. 
A. Steel and auto plant. 
B. Utility Plant. 
C. Utility Plant. 
Percentage figures on curves indicate ratio of screen to 
total steam generating surface. 
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furnace maintenance ceased to be an obstacle to the 
application of highly turbulent modes of firing and 
the use of highly preheated air for combustion. 
Combustion rates of 30,000 B.T.U. per cubic foot 
and coal burning capacities of 60,000 pounds of 
pulverized coal per hour per furnace are now being 
realized in water cooled metal furnaces subject to 
turbulent firing with highly preheated air. 


Stoker Improvements Accelerated By Pulverized 

Coal Competition 

It was inevitable that the many advantages of 
coal dust firing should result in the widespread adop- 
tion of this mode of fuel burning by boiler plant 
engineers and managers. Stokers had to be im- 
proved to keep them competitive and stoker as well 
as stoker furnace improvements were not slow in 
materializing. That is as it should be, for the stoker 
still has its field. Forced Draft Travelling Grates 
are unique in their utility for the burning of coke 
breeze and small anthracite. 
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Cross Section Through Boiler 


FIG. 10—Arrangement of steam_ generating 
equipment at Jones and Laughlin Plant. 











Pulverized coal developments having blazed the 
way and set the pace, stoker furnaces are now being 
water cooled and stokers are no longer being set 
close to the boiler tubes, as in the past, but away 
from the boiler under large furnaces such as those 
employed in burning powdered coal. Stoker lengths 
and widths are increasing in order that high hourly 
coal burning rates and steam capacities may also 
be realized with stokers. The fuel burning capacities 
and efficiencies of underfeed stokers suitable for 
eastern high grade coking coals have been greatly 
improved by increasing greatly their lengths and by 
providing means for continuously removing ashes 
in such a manner that most of the carbon is well 
burned out of them before they are rejected into 
the ash pit. Clinker grinders under pit with con- 


siderable ash storage capacity are used for the 
larger applications. Large pits are used so that the 
ash may remain in them long enough to burn out 
completely before being ground out. Better means 
for air control are now also available and the use 
of high preheated air is now usual practice. 

Attempts to produce turbulence in stoker fur- 
naces, especially in furnaces fired with travelling 
or chain grate stokers have proved successful and 
this line of development has resulted in the rear 
arch and mixing throat. The utility of the rear arc! 
is as yet imperfectly understood by most engineers 
but it is a very sound arch development. By means 
of it, low grade fuels high in moisture and ash and 
low in volatile may be burned without ignition 
difficulties. Most of the air is introduced into the 
furnace under the rear arch from the rear air com- 
partments of the stoker, and if the rear arch is set 
close to the stoker, so that it may deflect the flames 
and burning gases toward and against the incoming 
fuel at the front of the stoker, it is possible to cause 
the immediate ignition of wet lignites, high ash and 
low volatile solid fuel such as coke breeze or fine 
anthracite otherwise hard to ignite without the use 
of heat reflecting or radiating arches. A _ properly 
designed rear arch stoker need not have the 
assistance of refractories in the furnace. The rear arch 
can be, and in fact should be completely water 
cooled. If a short front arch is used it could be 
water cooled as well. It has been demonstrated in 
several rear arch applications that radiant heat re- 
flection from arches is of less consequence than 
usually supposed. 

A modern application for the burning of coke 
breeze in a furnace entirely water cooled, even as 
to arches is shown in Figure 2. Anthracite fines 
and lignites are now being successfully burned in 
such furnaces. 


Value of Water Walls and Air Heaters 

The steaming capacity of a boiler can be in- 
creased by increasing the fuel burning capacity of 
the furnace. Generally, this necessitates that the 
furnace be water cooled in order to assure furnace 
reliability and that the gas leaving the boiler be 
passed through an economizer or an air heater in 
order to sacrifice no possible economies. 


Water Walls Save the Cost of Refractory 

Maintenance and Make Steam 

Metal water walls eliminate furnace maintenance 
and consequent boiler outage to a minimum. Metal 
water walls make it possible to squeeze the maxi- 
mum possibilities out of fuel burning apparatus be- 
cause there is no limit to the amount of mixing 
that may be produced in the furnace. There need 
be no fear from erosion or melting down of furnace 
walls. Nor need the amount of excess air used be 
governed by consideration of furnace maintenance 
for the furnace is safe from the effects of high 
temperature. 

The furnace temperature is controlled only to 
keep the boiler from slagging and to keep the ash 
in the furnace in such a form that it may be readily 
rejected. With these necessary limitations, which 
vary in importance with the character of the coal, 
the kind of boiler, and on the ash removing means 
installed, higher temperatures and more efficient 
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combustion are being maintained today in com- 
pletely water cooled furnaces than was ever possible 
in the best refractory furnaces. The reason is 
“Turbulence.” The furnace designer can now go 
the limit in producing mixing burners and turbulent 
combustion, since he need have no fear of damaging 
the furnace by having too much commotion during 
the burning process, nor by using highly preheated 
air. 


Turbulence may be produced by mixing burners, 
such as shown by Figure 3; or by the impingement 
of flames against each other at high velocity, as in 
tangentially fired furnaces, such as shown by Figure 
! or by causing air jets to impinge on the flames 
at right angles at high velocity as shown by Fig- 
ure 5, 


In stoker furnaces turbulence is caused by over 
fire air injection and by the use of the mixing throat 
and rear arch, as shown by Figure 2 

Some one in every meeting wants to know as to 
whether water walls cause smoke and in other re- 
spects interfere with combustion. It is only neces 
sary in answer, to say’ that smokeless combustion 
is being obtained all over the world in completely 
water cooled furnaces at higher rates of combustion 
with lower excess air than was possible with re- 
fractory furnaces for the mixing process is being 
carried out so much better and the commotion or 
turbulence made so much greater in the water cooled 
metal furnace. Of course, the water cooled wall 
absorbs heat from the furnace, that’s what protects 
the furnace walls. But as shown by Figure 6 sum- 
marizing results of tests made and described by the 
Bureau of Mines the cooling effect of the water 
walls extends but a few inches into the furnace and 
hence affects only the flame envelope. This indi- 
cates that even with imperfect turbulence, one should 
expect no more smoke from a well operated water 
cooled furnace than is otherwise usual. 


Nor is it any more difficult, with properly de- 
signed fuel burning apparatus to maintain combus- 
tion in a water cooled furnace. It is impossible to 
put enough water cooling surface in a furnace to 
cause the fire to go out. It is surprising that some 
engineers should fear that such a thing will occur. 
Every furnace, not excepting a refractory furnace 
is a cold furnace every time it is started up. No one 
doubts that a cold furnace can be lighted and 
started up. Completely water cooled furnaces have 
been used for a hundred years. Locomotives, marine 
boilers, house heating boilers all have completely 
water cooled furnaces. I dare say most of these 
present have water cooled furnaces in their own 
basements. 


Water cooled surfaces are installed primarily to 
eliminate furnace maintenance outages. But a de- 
rived “by-product” advantage of water cooled sur- 
faces is their steam making capacity. A square 
foot of such surface will develop from ™% to 1% 
3.H.P. It is evident that such surfaces will earn 
their keep, first, by the savings in furnace main- 
tenance and outage and second, by the steam pro- 
duced. Water cooled furnace linings are responsible 
for a considerable portion of the steam production 
of units so equipped as shown by Figures 7 and 8. 


Air Heaters 


Air heaters, such as shown by Figure 9, which 
have no moving parts and which are easy to clean 
offer a means of economically recovering heat that 
would otherwise be lost. In such air heaters alter- 
nating thin layers of gas and air divided by metal 
plates flow past each other at high velocity and 


counter-currently. The hot air returns heat to the 
furnace that would normally be lost to the atmos- 
phere in the stack gases. Furthermore the pre 


heated air accelerates combustion and brings about 
gains in efficiency and economy greater than those 
directly calculable. Preheated air may be used in 
conjunction with any method of fuel burning; stoker 
firing, oil burning, gas burning and pulverized coal 
firing. The economies to be derived will depend on 
the price of the fuel and the use factor of the plant. 





FIG. 11. 


Steel mill engineers have been preheating air for 
use in blast furnaces longer than others, so that it 
may be superfluous to point out to them the ad 
vantages of a preheater, even for boiler firing. The 
preheater is a familiar tool to them. 


Steel Mills Can Apply Developments to Advantage 


Steel mill engineers need not feel that the de 
velopments described are of no interest to them just 
because steel mill boiler plants usually have so much 
waste fuel such as blast furnace gas, tar, coke oven 
gas and coke breeze to dispose of. If the supply 
of these waste fuels is so large, continuous and 
dependable that all the steam needed by the mill 
can be made thereby, that is one problem. But most 
steel mills have to make a great deal of steam with 
purchased fuel. Many of these steel mills have 
already followed the lead of the central stations and 
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have adopted the latest developments in steam mak- 
\s examples may be cited the Youngs- 
town Sheet and Tube Company, the Jones and 
Laughlin Steel Company, the Colorado Fuel and 
lron Company, the Tennessee Coal and Iron Com- 
pany, the Ford Motor Company, and many others. 
\ll of those mentioned by name have adopted pul- 
verized coal for some of their steam plants. Some 
of them burn pulverized coal, blast furnace gas, and 
even tar in the same furnaces. Others have modern 
travelling or forced draft chain grates for burning 
coke breeze. \Vater walls and air heaters are stand- 
ard boiler room equipment in many steel mills. A 
vreat deal of the timidity at first displayed in the 
surfaces in place of 


ing practice, 


application of water cooling 
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FIG. 12—Comparative performance of No. 2 Unit be- 
fore and after remodeling. 


furnace refractories is disappearing since steel mill 
engineers have found out in their own plants that 
cold and dirty blast furnace gas can be burned in 
completely water cooled furnaces. The same is 
true of coke breeze. 

Figures 1, 10 and 11 show typical modern steel 
mill boiler plants. Of special interest are the steam 
generators, similar to the one shown by Figure 11, 
installed by the National Stamping Company and 
the Bethlehem Steel Company at Sparrows Point. 
In such an entirely water cooled furnace, blast 
furnace gas is being burned completely without 
difficulty at the Sparrows Point Plant. 

Managers of other steel mills will discover in 
time that their boiler room is not just a dirty corner 
of the plant to be given as little attention as pos- 
sible, but a place where money is being spent that 
should be saved. Many such boiler rooms can be 
remodelled and modernized so that the capacity of 


doubled by 


the installed boilers may perhaps be 
furnaces 


raising the boilers and by putting new 
under them and by installing suitable fuel burning 
equipment to serve them. The Ford Motor Com- 
pany did that very thing at their Fordson Plant, 
which among other things manufactures pig iron 
and steel. A natural increase in demand for steam 
could not be met by extending the boiler plant for 
there was no room. Nor for the same reason could 
a new boiler plant be built. The demand was met 
by making the old boilers do twice as much work, 
by water cooling the furnaces, by installing air 
heaters and by doubling the capacity of the fuel 
burning equipment. Figure 1 shows the original 
and revamped units utilizing the original, boilers. 
As shown by Figure 12 the capacities were doubled 
and the efficiencies greatly increased. What is more, 
the reliability of the equipment was in no way im- 
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FIG. 13—Load and Service curves of Unit No. 4 of 
the Fordson Plant, since unit was put in service in 
May, 1927. 

paired, in fact it was enhanced. As shown by Fig- 
ure 13 high steam outputs were maintained con- 
tinuously as required. These units are fired with 
pulverized coal and blast furnace gas. When available 
coke oven gas and tar burned in the same furnaces. 
Conclusions 

The capacities and efficiencies of steam generat- 
ing units of usual dimensions have been extended, 
chiefly by improving furnaces, fuel burning equip- 
ment and by the utilization of heat recovery devices 
such as air heaters. Furnace reliability, capacity and 
efficiency has been improved by substituting for 
perishable refractory furnace linings, water and 
steam generating surfaces which can stand the in- 
tense turbulence and high temperatures produced 
by the improved fuel burning equipment now avail- 
able. The requirements of powdered coal firing 
speeded up these furnace developments and encour- 
aged parallel development of stoker, stoker furnaces 
and furnaces for the simultaneous utilization of 
several fuels such as oil, gas and pulverized coal. 
Central stations exploited these developments first 
and realized the economies disclosed by them. The 
same developments are available to steel mills and 
other industrial units making their own steam, many 
of them have already adopted them. The others are 
bound to follow suit. 
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PITTSBURGH STEEL OOMPANY, ALLENPORT, PA. 
FRIDAY, OCTOBER 19TH, 1928. 




















\bout 200 members and guests visited the Pittsburgh Steel Company’s plant at Allenport, Pa., on 
Friday afternoon, October 19th, 1928. 

The principal feature of the trip was the Pilger Tube Mill using the Mannesmann Pilger Process 
One of the important features in connection with this mill is its ability to pierce and form tubing directly 


from the cast ingot, thus eliminating the usual rolling processes between the ingot and piercing mill 
This mill is also able to roll extremely long lengths, having rolled an 85%” tube 131 feet long. 


The entire mill is electrically driven with power supplied from the company’s central power plant at 
\llenport. 
The electrical equipment consists of 152 motors totaling 10,000 HP. The piercing mill is driven 


by a 2250 HP A.C. Motor. The Pilger Mills are driven by a 2200 HP D.C. Motor on the shaft 
which is a sixty ton twenty-eight foot diameter fly-wheel. 

There are eight electric overhead traveling cranes ranging in capacity from 7% to 20 tons and in 
span from 63 to 118 feet. 

Many of the auxiliary motors are wound rotor induction motors, 

Another department visited was the small seamless tube plant where many ingenious methods for 
handling hot steel were noted. 

This trip was one of the most interesting that the 

The arrangements were excellent for handling the crowd and the executives of t 
Company are to be congratulated for their painstaking efforts on behalf of the members of t 


\ssociation has engaged in for some time 
he Pittsburgh Steel 
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(Devoted to practical problems of elzctrical department employees in the 
Iron and Stezl Industry) 


Factory Testing of Electrical Apparatus 


The information and data contained im this article was taken from the Westinghouse 
Iilectric & Manufacturing Company's Testing manual and if interpreted properly, will be of ma- 
terial assistance to the electrical maintenance department employees. This article will be continued 
in the December issue of the Iron & Steel Engin-er. 


DRYING OUT OF ELECTRIC APPARATUS 


HIS operation, as conducted in the factory, is 
TT practically limited to the proper preparation. of 

insulation previous to its impregnation with. oil 
or gum and is carried out in suitable ovens or steam 
heated tanks. However, if an excessive amount of 
moisture is found to be present in the completed 
apparatus, it is returned to the assembling section 
and again subjected to the same drying out process 
as before. Facilities have been provided in certain 
cases for determining the insulation resistance of 
apparatus while still under vacuum so that its exact 
condition relative to moisture may be readily ob- 
tained at any time, thereby removing any uncertainty 
as to the length of time required to complete the 
process. 

In the field, the drying out of apparatus is not so 
simple a matter, as suitable facilities are rare. It 
is frequently, however, a very essential operation 
before a machine may be placed in service, as, due 
io the varied conditions to which it has been sub- 
iected during shipment and _ installation, sufficient 
moisture will often have been absorbed to render a 
breakdown liable unless such precautions are taken. 

The drying out of the insulation of completed 
apparatus consists in driving out the moisture pres- 
ent by means of heat applied in such a manner that 
the insulation itself is not damaged during the proc- 
ess. It is essential that the heat be brought up 
gradually at first; the aim being to allow the water 
vapor to find its way out through the natural pores 
in the material much in the same manner as it came 
in. ‘Too rapid heating is liable to develop such 
pressure in local portions that new passages are 
forced through the insulation, thus injuring it per- 
manently. Fifteen to twenty hours should be con- 
sumed in bringing the temperature up to the value 
required. This value depends, to some extent, on 
the method of heating and temperature measure- 
ment, but a maximum temperature of 80°C. as meas- 
ured on the external portions of the insulation is 
considered good practice. This temperature should 
be as uniform as possible throughout the machine, 
so that moisture driven from one portion will not 
condense on another. Sufficient thermometers must 
be used to insure that no portion reaches an exces- 


sive temperature. After the temperature has risen 


to the maximum value specified, it must be held 


practically constant until the insulation resistance 
reaches the desired value. Measurements of insula- 
tion resistance must be taken at regular intervals 
and the values obtained plotted in the form of a 
curve. The drying out process should be continued 
until the curve flattens out. 

The heat required in the above process may be 
supplied from an external source or may be generated 
internally or in certain cases both these sources of 
heat may be utilized at the same time. The method 
to be preferred in any case depends to a great extent 
upon the local conditions, but the one combining 
both external and internal heating, when applicable, 
gives quicker and better results. 


When heat is to be supplied from an external 
source, the machine should be enclosed in a wooden 
box with holes in the top and near the bottom to 
allow proper air circulation. The clearance between 
the machine and the box should be as small as 
practical, so that most of the heated air will pass 
through the ventilating spaces in the machine. Suit 
able grids, through which either direct or alternating- 
current may be circulated, are placed in the bottom 
of the box to supply the heat required. Care must 
be taken in applying heat in this manner that the 
machine is protected against direct radiation from 
the heater; also that no inflammable material is 
close to it. It is advisable, in such cases, to line 
the lower part of the box with asbestos. Instead of 
placing the heating element inside the box with the 
machine, it may be placed outside and the heat 
carried into the bottom of the box through a suit- 
able pipe. When this plan is followed, the heat may 
be generated by direct combustion of gas, coal or 
wood, provided that none of the products of com- 
bustion be allowed to enter the box containing the 
machine. This method is to be recommended only 
when electric power is not available. 

When the heat required is developed internally, 
current is circulated through the winding of the ma- 
chine itself, either from an outside source or gen- 
erated under short circuit conditions. The latter 
method is the one usually followed. In the case of 
transformers, the required current may readily be 
obtained by short circuiting one winding and im- 
pressing a suitable voltage on the other. The total 
winding must be used in each case; otherwise, the 
various portions of the insulation will not be treated 
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uniformly. The current required will vary, but ap 
proximately one-fifth the normal value will result in 
a temperature of 80°C. as desired. To obtain this 
current, a voltage of approximately % to 1% pet 
cent of normal will be sufficient. If an adjustable 
voltage of approximately the value desired is not 
available, suitable resistance may be used in series 
with the wirding excited to control the current. 
During this process, the oil should be removed from 
the transformer case and its cover left open so as 
to allow some circulation of air around the windings 

In the application of the internal heating method 
to rotating machines of the open or semi-closed 
types, the armature winding should be short ci 


cuited, provisions being made in the wiring for 
measuring the current flowing at any time. The 


machine is driven at a low speed and the field cur 


rent adjusted to give the armature current desired 
This should be about one-tenth normal to start, be 
ing gradually increased until a temperature of 80°C. 
may be maintained constant. Care must be taken, 
however, that the current used is not excessive. 
The fact must be kept in mind that the temperature 
of the insulation in the internal parts of the machine 
next to the copper itself may be at a temperature 
widely different from that measured on the external 
portions. With this in view, the current flowing 
should never exceed 125% of normal unless special 
information otherwise is given by the Engineering 
Department. 

In cases where it is not possible to cbtain a 
temperature of 80°C, on the external portions with 
safe values of current flowing, an effort should bx 
made to restrict the natural ventilation of the ma 
chine as much as possible. Dlowers, if present, 
should be removed and the machine covered with 
building paper or a tarpaulin in order to retain the 
heat. 

In enclosed machines, such as turbo generators, 
the air circulation should be modified so that thy 
outgoing air will pass directly to the intake; in this 
manner, the heating effect will be cumulative, the 
leakage usually being sufficient to carry off the 
moisture. In some high speed enclosed machines, 
the air friction alone, if the inlet and outlet are 
closed, is sufficient to raise the temperature to the 
value desired. In such cases, the field should be so 
excited that about one-third normal current will 
flow in the short circuited armature windings to 
insure that the inner lavers of the insulation are 
several degrees hotter than the outer. 

On account of the comparatively low value of 
the total heat units available, when this method of 
depending entirely on the copper losses in the ma- 
chine to supply the heat required in the drying out 
process is followed, it becomes a long drawn oui 
procedure. When it is practical to supplement this 
course of heat by supplying additional heat from an 
external source, the time required for the process 
will be materially reduced and, on account of the 
greater uniformity of the temperature throughout 
the insulation obtainable with this combination 
method, the final results will be better. 

However, even under these conditions, this pro 
cess may consume from one to three weeks or 
longer, depending on the conditions existing and the 
nature of the apparatus. The best plan is to obviate 
the necessity for such procedure whenever possible 





] 


by the suitable protection of electric machinery from 
the time of shipment until placed in active servics 


PERFORMANCE OF MACHINES 
The performance rf electric apparatus depen Is 
n three factors—the design, the nature of the ma 


terial and the quality of the workmanship Po re 
produce the same performance, each of these factor 
must be duplicated. However, owing to variation 
in materials and limitations in the accuracy of ma 
chining operations, exact duplication is seldom ob 
tained, It is, therefore, customary to express th 
performance ot apparatus mm  certal respects 
approximate, 

In view of the conditions stated, the follow 
variations from performance values which may lb 
specihed are considered reasonabl« 

In computing the efficiency of rotating appa 
ratus, a variation in the total losses equal to 10% 
of the losses at rated load, as « mputed from the 
specified efficiency, may be allowed at each load 


In computing the regulation f alternating-cut 
rent generators, a variation in the short. circuit 
ampere turns may be allowed at each load equal t 
10% of that value at rated load, as computed trom 
the specific regulation 

In determining the power factor of induction 
motors, a maximum variation may be allowed 1n the 
inductive component of the current at each load to 
10% of the inductive component of the cur 
rated load, as computed from the specified powel 
actor, 

\ variation in speed of motors from that speci 
hed may be permitted, as stated bele w, tae percent 


age being based on the value specified for rated 
load. 

Railway Motors cold 2 6% ; hot 1% 

Other D-C. Motors under 10 Hp TTA 

D-C. Motors 10 Hp. and over \% 
Determination of Performance 

The performance of a machine is determine 
when its characteristics, in the following respects, 


have been established 
(1) Mechanical operation 
(2) Electrical operation 
(3) Keonomy of operation 
(4) Heating characteristics 
5) Effectiveness of the insulation. 
No attempt will be made, however, to classify 


the various testing operations under these heads, a 


many of the tests relate to more than one of them 
The various operations will be taken up in thei 
logical sequence, as far as p ssible The actual tes! 
oor procedure varies, depending upon which test 
may be conducted most advantageously under the 


conditions existing at that time. 

It is to be noted, however, that whenever com 
plete performance tests are available mia 
design only Standard Commercial tests will be mad 
n subsequent units built to the same or essentially 


the Same design. 


MECHANICAL OPERATION 


Preliminary Inspection 
before the machine is assembled, the diameter 
of the rotating part and the bore of the stationary 
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part must be accurately determined. This measure- 
ment is made by a competent member of the Inspec- 
tion Department and recorded, together with the 
corresponding data, as specified in the manufacturing 
information, on the back of the inspection tag ac- 
companying the machine. This information must be 
transcribed by the tester to the test sheet of the 
machine. 

The field poles must be checked carefully to de 
termine if they are correctly spaced and parallel to 
the axis of the machine. The assembly of the com- 
mutating poles is checked independently of the 
main poles also in reference to them as it is essen- 
tial that they be correct in both respects to insure 
satisfactory electrical operation. 

After the machine is finally assembled, the clear- 
ance between the revolving and _ stationary parts 
must be carefully measured by feeler gauges to de- 
termine whether the revolving part is central and 
parallel to the axis of the stationary part. The loca- 
tion of the brush arms relative to the poles, the 
grade of the brushes, the angle of the brush holder 
with the commutator and the bringing out of the 
leads must all be checked to insure that they cor- 
respond with the manufacturing information. When 
checking the wiring around the frame, the connec- 
tions to the field coils and armature must be com- 
pared with the drawing to see that the various 
terminals are in their proper positions on the ter- 
minal blocks. It must also be noted that there is 
reasonable spacing between terminals of opposite 
polarity on the same block and that no terminal or 
connection to its approaches sufficiently close to the 
frame of the machine to render grounds possible. 


SETTING UP MACHINES 

In determining the place where the large ma- 
chines may be set up for test, it is necessary to 
consider all the surrounding objects, such as resist- 
ance racks, ventilating pipes, doors, walls or any 
other feature that will, in any way, influence the 
air circulation or affect the temperature. The ac- 
cessibility of the required testing facilities must also 
be kept in mind. In no case must a machine be 
set up until its proposed location is approved by the 
foreman of the testing section. Machines must be 
set up level and securely fastened. 

After a machine is ready to run, the bearings 
must be filled to the proper level with oil. This is 
always slightly below the overflow as the oil rings 
will churn the oil and raise the level when the ma- 
chine is running. In the case of very large ma- 
chines with heavy revolving parts, it is well to 
thoroughly flood the bearings before attempting to 
start the first time. Special care should be taken not 
to overflow the bearings or to spill oil on the out- 
side, as it makes an untidy appearance and also 
makes it impossible to detect small sand holes, leaks, 
defects in the bearing housing or oil throwing. 


BELTS AND PULLEYS 
For load test, especially when the two units are 
belted together, special precautions must be taken 
that the machines are lined up properly. Pulleys 
should be selected to give a belt speed of from 3500 
to 5000 feet per minute and carefully inspected for 


defects. Belts must be selected with care; 100 Ibs. 


pull per inch of width is considered the maximum 


overload limit for a double ply belt in good condi- 
tion and this value should not be exceeded except 
when particularly instructed by the person in charge. 
A convenient approximate formula for computing 
belt pull in any case is, as follows: 

Horse Power X 33000 

Pull in lbs. = —— —- + — 

Speed of belt in ft. per min. 
Curves computed on this basis are given in Fig. 1. 
Belts should be put on so that the pull is on the 
lower side and they should be run with the inner 
lap, not against it. Belts must not be wider than 
the pulley. 

Any tendency of the rotors of machines mounted 
in temporary shop bearing, such as engine type ma- 
chines, to pull over under heavy load must be caught 
as early as possible to avoid possible injury to the 

Pulley Diameter in Incnet 


4¢2g4as 6789 


Pulley and Belt Data 
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FIG. 1—Curve of Belt Sizes. 


machine. Oil rings must be inspected from time to 
time to insure that the oil is being carried up 
properly. The temperature of the bearings should 
also be observed. 


POLARITY TESTS 


While the inspection of the wiring around frame, 
as stated before, will, in most cases, insure that the 
polarity of the fields is correct, the incorrect assem- 
bly or winding of the coils may give rise to incorrect 
polarity even though the connections are correct. 
For this reason, the actual relative polarity of the 
poles must also be determined electrically before 
other tests are taken. The result obtained must be 
noted on the test sheet. 

The most convenient method of determining 
polarity is with a compass or a small piece of steel 
wire. The compass is passed slowly around the 
poles; if the polarity is correct, the needle will re- 
verse its position as it is moved from one pole to 
the next. If the fields have once been excited, the 
residual magnetism will probably be strong enough 
to show their polarity, but it is better to excite the 
coils with a very weak current. If the current is 
too strong, it may change the polarity of the com- 
pass and, therefore, give unreliable results. The 
power circuit must be connected to the various field 
circuits in such a manner that the current will have 
the proper direction in each in order to determine 
the relative polarity of these field circuits. 

If a compound machine is connected in the cir- 
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cuit and it is not convenient to check the relative 
polarity of the shunt and series coils in the manner 
described above, the correctness of the field con- 
nections may be determined by running the machine 
first as a compound motor, and then as a series 
motor, and noting the direction of rotation. If the 
machine is a generator or a differentially compounded 
motor, the rotation should be in opposite directions, 
while for a motor of standard compounding, the 
direction of rotation should be the same under each 
condition. Care must be taken when running the 
machine under series excitation only, that an exces- 
sive speed is not attained. It is only necessary to 
note the direction of rotation and not essential that 
normal speed be attained, in either case. 

When the machine is a generator, it is often 
more convenient to determine the polarity of the 
series field winding by short circuiting each series 
coil in succession, while operating the machine under 
rack load and noting the effect on the terminal volt- 
age. The voltage should decrease as each coil is 
cut out. 

The relative polarity of the commutating poles 





past fifteen years. 


Mr. A. G. Place, Died Thursday, October 25, 1928 


It is with a feeling of great personal and official loss that the Association of Iron & Steel Electrical 
Engineers advises its membership of the death of a highly esteemed Association Executive. 

Mr. Place was a valuable active member of the A. 
He served the Association as Director, Secretary and 2nd Vice President. His 
contributions to the Electrical Art in the United States were many, and his opinions and experiences 
were respected by the electrical authorities in this country. 


Mr. Place was born at Woburn, Mass., September 27th, 1887. He was educated at the Massachu- 
setts Institute of Technology, graduating as an Electrical Engineer in the class of 1908. His first 
connection was with the Northwestern Power Company at Seattle, Wash., and from that company 
he came to the Youngstown Sheet and Tube Company as an Electrical Engineer in 1913. 
ties soon obtained him recognition and he was rapidly advanced to the head of his department. 

Mr. Place supervised the installation of many of the modern rolling mill drives that are now operat- 
ing at the Youngstown Sheet and Tube Company. 







to the main poles must be as follows: For gen- 
erator, the commutating pole must be of the sam¢ 
polarity as the main pole ahead of it in the direction 
of rotation, while for motors, the commutating pole 
must be of the opposite polarity from the main pole 
ahead of it in the direction of rotation. When only 
two commutating poles are used, on a four pole 
machine, these are of the same polarity and bear the 
above described relation to the main poles. 


STARTING MACHINES 

Machines should be started slowly and brought 
up to speed gradually, observing in the meantime, 
that all oil rings are operating freely and carrying 
oil and that no parts are rubbing. The balance and 
end play must be particularly observed. 
vibration may be due to the rotor not being properly 
balanced, bent shaft, poor alignment, or unbalanced 
magnetic condition. Other features, such as eccen 
tricity of the spider rim, unevenness in windings or 
in the banding and proper clearance of all revolving 
parts must be noted. Any defect found in the ma- 
chine must be reported to the foreman before pro 
ceeding with the test. 
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Items of Interest 


DIRECT CURRENT METAL ARC WELDING 


In a paper delivered before the American Insti- 
tute of Steel Construction at Biloxi, Mississippi No- 
vember 14, by Fred T. Llewellyn, President, Amer- 
ican Welding Society, two questions of interest were 
answered by the author. 


*Is there some way of determining the reliability 
of the completed weld? 

This is doubtless the most important question to 
be answered. All the foregoing features are second- 
ary as compared with the question of reliability. 
Whether a structure be designed with unit stresses 
of 2,000, 2,500 or 3,000 pounds, per linear inch of 
fillet weld, is of little consequence unless the weld 
is good. On every hand one is asked, “How can we 
be sure whether a weld is sound? Can we eliminate 
the human equation?” These are natural and proper 
questions, and nothing is to be gained by side-step- 
ping them. 

There have been developed a number of methods 
for investigating reliability in welding, such as visual 
inspection for shape and color, flame test, X-ray 
examination, and the electric conductivity test for 
potention-drop. Automatic processes are also find 
ing increased fields of application. All these things 
are good (visual inspection is especially feasible and 
significant), but from a= rigorous standpoint the 
writer believes that we can no more be certain that 
a specific portion of weld is sound, without destroy- 
ing it, than we can tell whether a specific rivet fills 
the hole, without destroying it. Expressed converse 
lv, it is just as possible to determine the reliability 
of a completed weld as it is possible to determine the 
reliability of a riveted joint. 

We have confidence in rivets, and rightly so, not 
because the inspector's hammer rings true when ap- 
plied to their heads (it is well known that a poorly 
driven rivet can be given a resonant head), but be- 
cause we have used them with satisfactory results 
over a long period. Confidence in rivets has been 
a thing of growth. ‘Thirty-five years ago all struc- 
tural specifications limited field rivets to only two- 
thirds the value allowed for shop rivets. Today that 
classification has gone, and the distinction is between 
hand-driven and machine-driven rivets. We have 
acquired confidence in the machine-driven rivet. 

lf welding is to be considered seriously as a 
structural tool similar confidence in its results must 
be given opportunity to develop. This may be done 
in several ways :— 

(1) By familiarity. Let every structural shop 
do some welding, no matter by what pro- 
cess. If there be any hesitancy regard- 
ing major points then weld the minor 
ones, but install at least one equipment 
and use that as a nucelus. Let us become 
“welding minded!” 


(2) By flame-cutting cut short sections of 
weld and examining their interior. They 
can readily be replaced by the process of 
welding without detriment to the joint. 


(3) By occasional non-descructive tests on 
portions of a completed structure, with 


loads of, say, one and a half times those 
for which it was designed. 


(4) Most important of all, by qualification of 
the welder. This is very necessary, and 
fortunately it is both feasible and signifi- 
cant. The Structural Steel Welding Com- 
mittee has prepared a_ specification for 
qualifying welders (Section B) whose re- 
quirements cover what may reasonably be 
expected in commercial practice. Printed 
copies are being distributed among the 
shops participating in the preparation of 
specimens. Pending the completion of the 
committee’s final report this document 
may be considered as a tentative standard 
that represents our best knowledge today. 
The results of these qualifying tests 
should be significant of a welder’s subse- 
quent work, for such has been the exper- 
ience in many shops where similar tests 
have been applied. Welders, as a class, 
are conscientious and take pride in their 
product. 

(5) By a proper selection of welding wire. The 
importance of this feature has already 
been emphasized in Answer One. 


Can the welding operations be done at a com- 
petitive cost? 

To this question the writer would give a qualified 
answer: For certain classes of work, “yes!” For 
other classes of work costs so far available have 
been higher than for older methods of fabrication 
and assembly. The higher costs appear to be re- 
flected, not so much in the expense of making the 
welds themselves, as in the labor involved in prepara- 
tion. In certain kinds of work this labor resulted 
from the need of cutting rolled steel members to 
closer length tolerances than are the established 
practice at the mills. In all cases where material 
had to pass through a shop, costs were augmented 
by the fact that so far there has not been sufficient 
volume of structural welding to keep a given shop 
continuously busy. 

With fabricating shops organized along existing 
lines in which welded jobs are undertaken only oc- 
casionally, the following classification of work from 
an economic standpoint seems to represent our 
experience: 

(1) Competitive costs can be secured on low 
beam-and-column buildings whose details 
are sufficiently simple to permit the rolled 
steel members to be shipped unfabricated 
from the mill direct to the site, thereby 
requiring only field welding. 

(2) Competitive costs can be secured an cer- 
tain types of shop-welded structures in 
which considerable savings in weight are 
securable, notably in truss-work wherein 
the net section of tension members is a 
criterion, and where gusset plates and 
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other expensive details can be largely 
eliminated. 

(3) Competitive costs are frequently securable 
on existing bridges and other structures 
which require reinforcement to meet added 
loadings. ‘The saving here is largely due 
to the avoidance of the expensive hand 
drilling of holes in the field. 


(4) Competitive costs may not be securable on 
the taller beam-and-volumn buildings, 
whose details are so important as to re- 
quire shop preparation, until such time as 
there is enough business of this character 
to occupy a shop continuously. 

(5) There is a class of tall beam-and-column 
buildings which, from a broader economic 
standpoint, can be welded with advantage, 
regardless of present costs for such work. 
This class embraces additions to buildings 
already occupied, where the elimination of 
noise during construction has real mone- 
tary value. Hotel owners are becoming 
alive to this feature, and it is also a factor 
in some other commercial buildings as 
well as in the case of hospitals and col- 
leges.. The saving of space during altera- 
tions, and the smaller amount of demolli- 
tion made possible by welding, also make 
this process economical as applied to the 
detailed connections of a new to an exist- 
ing structure. 


FURNACE DOOR OPERATION 


It is often the most obvious things in our daily 
life that escapes our notice . We go on doing the 
same things over and over without ever giving a 
thought to whether it is possible to do them a better 
way. 

One of the most obvious and yet least noticed 
mechanisms in the plant is the hydraulic door hoist 
system. It is unnoticed until something goes wrong 
with it and then it becomes very obtrusive (and ex- 
pensive). 

If the night gang happens to miss a leaky cylin- 
der and the water drips down on a furnace roof, 
you are soon reminded that you have the hydraulic 
system!—(though you no longer have the furnace 
roof). 

Manipulating valves, under the high pressure 
used, do not stay tight very long, and when they 
start to leak the openings enlarge very rapidly. So 
most pumps are called upon to handle a lot more 
water than is ever used. And it costs money to 
maintain high water pressure in a leaky system. 

Once one starts to think about it, he soon real- 
izes how fine it would be to get the bulky mani- 
folds off the charging floor, to take the water cylin- 
ders from above the furnaces, to never have to worry 
about frozen piping and to have furnace doors that 
don’t creep open or shut, but “stay put.” 

It is pretty well agreed among steel men that the 
most satisfactory way to move furnace doors or 1n 
fact to move most anything about the plant, is by 
electric motors. There are several ways to do this, 


one way being to arrange an individual motor and 
hoist to take care of each other, but this is the ex 
pensive way. It requires as many motors and hoists 
as there are doors. The better way is to use a 
single motor to operate all the doors of a furnace, 
in connection with a selective hoist mechanism. to 
enable the single motor to operate any door at will. 


One steel plant with fourteen five-door furnaces 
thus operates all of its doors by the use of fourteen 
motors instead of seventy. The cost of motors and 
maintenance items on the 14 motors and _ hoisting 
mechanisms are practically negligible compared with 
the purchase, maintenance and operation of 70 in- 
dividual motors and hoists. 


ARC WELDED STRUCTURAL BUILDING 


Steelwork is in progress on the Chalfonte-Haddon 
Hall power house job, but the neighbors are undis 
turbed. 

A new process, as applied to the building in 
dustry, electric welding, is being used. And while 
the building progresses swiftly, it progresses silently. 

The electric torch is the mark of a new era in as- 
sembling steel beams into the framework of a build- 
ing. Until lately people who had been living in peace 
and comfort near the site of a building found peace 
and quiet impossible during many weary weeks when 
the ironworkers got on the job, and sometimes all 
night, and those who couldn’t take a trip abroad 
while the structure was being shaped either went 
slightly mad or invented new cuss words. 

Now that is all changed. As building work goes, 
building steel framework is presently a mannerly and 
modest phase of the activity. The beam is carried 
into place and then a workman approaches carrying 
an instrument that slightly resembles an oil can, 
only instead of a spout there is a long thin wire for 
the electric spark. He wears a steel mask when 
the juice is turned on, for the light it throws in the 
face is terrific. He seals the beams together without 
pounding, without any excitement whatever, and 
goes on to the next. 

Although the welding process has been much 
used in such work as the fabrication of girders and 
castings, it has only recently been adapted to the 
building industry. The process on buildings in the 
recent past has been so successful, however, that it 
is believed it will revolutionize the construction of 
steel framework. 

Incidently, the local powerhouse job will be the 
highest and most substantial building ever welded, 
and engineers and steel contractors in all parts of 
the country are watching the progress of the resort 
project with interest. The addition now under way 
is an eight-story building, 134 feet in height, 80 
feet wide, and 74 feet deep, the steel framework of 
which is to be entirely welded together. 

Engineers on the job say the welding process has 
many advantages. It not only eliminates the noisy 
rat-tat-tat of the riveter, always a source of disturb- 
ance to the surrounding district, but is said to be 
cheaper, quicker and more reliable. 


Leroy Shaw, welding inspector here for the Gen- 
eral Electric Company, said that one man operating 
an electric welding outfit can do the work of four 
men using the riveting-gun method. On the local 
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job, he said, it would take only four weeks to com- 
plete the steel erection by the welding process, 
whereas, if riveting was specified, it would probably 
take several weeks longer. 

Fewer tools are required and no rivets are used 
in the welding process, both items representing an- 
other saving, he added. 

The only tool used in the process is a General 
Electric welding machine having a capacity of 460 
volts and 400 amperes, an oblonged-shaped instru- 
ment with an electrode at one end. <A wire three- 
sixteenths of an inch in diameter and composed of 
98 per cent steel is used as the connecting material 
in place of rivets. In most cases, the wire is 12 
inches in length, although any amount may be used 
in the fusing together of a connection. 

Before actually welding together two girders, 
they are first bolted together in order, to fix them 
in a secure and accurate position. This is done 
usually by means of angle iron supports and clamp- 
ing plates. 

With the girders in position, the workman places 
the wire between the two and applies the electric 
welder to the wire. The electrode on coming in con- 
tact with the wire and girders causes an are of 200 
amperes which melts the wire and fuses the two 
girders together. Steel is fused with steel and be- 
comes a solid mass which hardens almost instantly 
after which the bolts and angle irons are removed. 

Mr. Shaw stated that previous and careful tests 
had shown that welded girders will stand up better 
than those riveted together. 

The same tests, he stated, also showed that the 
welded section was even stronger than any other 
part of the girder. 

The welding on the power house job is being 
done by workmen of the Bethlehem Steel Company. 
The welders are compelled to wear headshields with 
brown-colored glass in order to protect their eyes 
from the intense glare caused when the 200-ampere 
arc is formed. 

Katchan and McQuade of Philadelphia, are the 
general contractors for the job which will cost about 
$250,000. When completed the Chalfonte-Haddon 
Hall power house will cover a plot, 74 feet by 142 
feet, and will be the largest privately owned power 
plant in this section of the country. 





YOUNGSTOWN SHEET AND TUBE COMPANY 
BUYS ELECTRICAL EQUIPMENT 


The Youngstown Sheet and Tube Company has 
just recently placed a quarter-million dollar order 
for electrical equipment for a 44-inch electrically 
driven reversing blooming mill with the Westing- 
house Electric and Manufacturing Company. 

This new equipment, which is to replace an 
existing steam engine drive that has been in opera- 
tion for fourteen years, will be installed in the 
Campbell Works in about five months. 

The mill will be driven by a 7000 HP. single 
unit direct current reversing motor operated at 
50-120 revolutions per minute. Power for the motor 
will be supplied by a flywheel motor generator set 
consisting of two 3000 kilowatt 700 volt generators 
operating at 360 r.p.m.—one 5000 HP. 6600 volt, 
three phase, 60 cycle A.C. motor—and a 140,000 
pound steel plate flywheel. 


The equipment will be under the control of an 
operator located in the mill pulpit. A feature of 
the control is a foot operated master switch, which 
completely controls the reversing motor and allows 
the operator to take care of some of the auxiliary 
operations with his hands. It is expected that sub- 
stantial savings in operating costs will be realized 
with this equipment over the present steam engine 
driven mill. 


THE MAN IN THE MILL 


By PATRICK SHEA* 
fier works of the Ancients fill many a tomb, 


(Men who their own worlds did sway) 
The pages of Greece, the annals of Rome, 
And Babylon’s tablets of clay; 
Survey all their wonders, and praise them who will, 
They’re surpassed in this day by the man in the mill. 


His achievements are wonderful, useful, sublime, 
Unlike the great builders of old, 
Not to outlast, to save hurrying time, 
And marvelous them to behold; 
Yet, no proud pillared temple, no shaft on the hill 
Has been raised to the fame of the man in the mill. 


So creative the powers of this strong silent man, 
His labor brings forth from the clay, 
The broad river’s aerial spidery span, 
The floating hotel on the bay, 
And the forces of nature oft chained to the will, 
Or led by the hand of the man in the mill. 


The motor, the engine, he builds to a rule, 
The crane to a specified plan, 
Or a tireless, mechanical camel or mule, 
For Egypt, or broad Hindustan; 
And a pittance suffices the rough palm to fill 
Of the right hand of Progress—this man in the mill. 


Now charging the furnace with ore and with spar, 
Now weaving the web’s colors bright, 

Now grinding the lens to examine that star 
Hung on the great wall of the night; 

So varied the craft, universal the skill 

Of this Trojan who works day and night in the mill. 


Oft, danger’s red dragons are crouched at his back, 
He feels their hot breath in the air, 

No armour he wears to repel their attack, 
His muscular arms are bare, 

Unheeding he plies his chisel or drill 

To lighten Life’s burden—the man in the mill. 


No plaudits are shouted to him on the stage, 

No arches for victories won, 
Tho his are the plan, equipment and gauge 

Of rails that could girdle the sun. 
His the compass, the caliper, never the quill, 
Earth’s servant and master—the man in the mill. 





Let proud Wealth extend him on cusions of silk, 
And Lucre her jewels display; 

He shuns the diversions of those of that ilk, 
His Master he came to obey— 

To employ his one talent, his task to fulfill, 

Hail! Drudgery’s saviour—the man in the mill! 





*Spike Factory, Joliet Works, Illinois Steel Company. 
Reprinted from the Mixer. 
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ARC WELDING—FEATURING RODS 


At a meeting of the American Welding Society 
held at Pittsburgh, Pa., Tuesday, October 30, 1928, 
Mr. P. R. Hawthorne, Welding Engineer, of the 
Petroleum Iron Works at Sharon, Pa., presented a 
most interesting paper covering Arc Welding. The 
paper was illustrated with pictures of the products 
manufactured by the Petroleum Iron Works using 
arc welding as the producing tool. 

One of the statements made by the author, which 
proves that Arc Welding must be reckoned with in 
the future tooling in Industry, was that they were 
able to deposit metal at the rate of 100 pounds per 
hour using a one-inch rod. He also brought out 
the fact that in order to produce a weld deposit 
which is free from oxygen and nitrogen, these ele- 
ments which are present in the atmosphere, must be 
prevented from coming in contact with either the 
arc, the metal deposited, and from the deposited 
metal while it is in liquid form and until the tem- 
perature is below 1800 deg. Fahr. To protect the 
arc from open air by mechanical means would 
liberate, by the heat of the arc, a gas which will 
form a sheath or envelope around the arc, which by 
reason of its volume and density, will actually ex- 
clude or combine the harmful gases. ‘This is, of 
course, most easily accomplished by using a chemical 
covering of the rod which will be consumed in 
direct proportion to the rate of the melting of the 
rod. 

To protect the molten metal during the cooling 
and solidifying period there must be provided a 
chemical which will completely cover the same. 
This is also easily provided by adding to the rod 
covering a chemical which will distribute over the 
deposited metal and exclude air. This protective 
coating has the further advantage in that it pre- 
vents too rapid cooling and consequent chilling of 
the deposited metal. Further, to produce a_per- 
fectly welded sound weld, and one which is greater 
in tensile strength than the rolled rod, which is 
melted to form the deposit, it is necessary to in- 
troduce certain elements which will absorb com- 
pletely the impurities in rod and parent metal and 
cause them to rise to surface from where they can 


be removed. 


SUPER BLOWER 


In line with much discussion regarding the use 
of compressed air for cleaning of equipment in en- 
gine rooms, motor rooms and sub stations, thus 
blowing dust from one machine to another, onto the 
switchboards and control and into instruments and 
relays, the Ideal Commutator Dresser Company has 
adapted the Super Giant Blower to the vacuum 
cleaning of such equipment through the use of vari- 


ous specially designed bristle nozzles, for getting 
down into windings, around uneven surfaces, all with 
safety, the nozzles being made of composition. At 
tachments are also available for general floor clean- 
ing, wall cleaning and paint spraying. 

The vacuum created by the Ideal Blower is con- 
siderably greater than that of household or stationery 
equipment, because of its tremendous speed and 
scientific design, yet, is very light in weight and 
easily carried by the strap furnished, slung over the 


shoulder. 


The Roller-Smith Company, 233 Broadway, New 
York, N. Y., announces the appointment of Arthur 
H. Abbott, Inc., 88 Broad street, Boston, Mass., as 
its district sales agent for the New England territory, 


starting November 1, 1928. 


STATEMENT OF OWNERSHIP, MANAGEMENT, ETC., OF 


IRON AND STEEL ENGINEER 


(Required by Act of Congress of August 24, 1912) 


Name of Publication: Iron and Steel Engineer. Published monthly at 
Pittsburgh, Pa. (Report of October 1, 1928.) 


Editor—John F. Kelly, Empire Bldg., Pittsburgh, Pa. 
Business Manager—John F. Kelly, Empire Bldg., Pittsburgh, Pa. 
Names and addresses of stockholders holding 1 per cent or more of 


total stock: None. 


Board of Directors 
C. S. Proudfoot, President, Vanadium Alloys Corp., Niagara Falls, 
New York. 


F. W. Cramer, First Vice President, Republic Iron and Steel Co., 
Youngstown, Ohio. 


A. G. Place, Second Vice President, Youngstown Sheet and Tube Co., 
Youngstown, Ohio. 


A. J. Standing, Past President, Bethlehem Steel Co., Bethlehem, Pa. 
S. S. Wales, Past President, Carnegie Steel Co., Pittsburgh, Pa. 


A. A. Stewart, Secretary, Pittsburgh Steel Co., Monessen, Pa. 


Treasurer, Wheeling Steel Corp., Steubenville, Ohio. 
Railroad Co., 


James Farrington, 
Karl L. Landgrebe, Director, Tennessee Coal Iron and 
Ensley, Alabama. 


M. J. Conway, Director, Lukens Steel Company, Coatesville, Pa. 


J. E. Sayre, Director, Tennessee Coal Iron and Railroad Co., Ensley, 


Alabama. 
I. N. Tull, Director, Corrigan-McKinney Steel Co., Cleveland, Ohio. 
Edwin L. Upp, Director, National Tube Co., Gary, Indiana, 


P. T. Vanderwaart, Director, New Jersey Zine Co., Palmerton, Pa. 


E. Friedlaender, Honorary Director, Pittsburgh, Pa. 


Known bondholders, mortgagees and other security holders owning or 
holding 1 per cent or more of total amount of bonds, mort- 


gages or other securities: None. 
JOHN F. KELLY. 


Sworn to and subscribed before me this 24th day of September, 1928. 


JOHN G. HOSICK, Notary Public. 


(My commission expires March 29, 1929.) 








506 IRON AND STEEL ENGINEER November, 1928 








Type F120 









Decathlon champions and_ the field as the result of many 
Condit Type F-120 Oil Circuit years’ experience in design 
breakers—both must possess and building of heavy duty 
not only strength but speed, oil circuit breakers. 

stamina, and agility, and all 
of these in superior measure. 


" ‘ ‘ 4? 
Condit’s new Type F-120 leads Get in touch with Condit 


CONDIT ELECTRICAL MFG. CORPORATION 


Manufacturers of Electrical Protective Devices 
BOSTON, MASS. 


Northern Electric Company 
UMITED 
Distributor for the Dominion of Canada 


For full information, 


Specifications: Ampere capacity 3,000 or less; voltage 15,000 or 25,000; interrupting capacity 1,000,000 kv-a or less. 
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